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CHAPTER 4: MECHANICAL WAVES

Test Your Concepts-I
(Based On Wave Equation & Properties)

1.

The amplitude of wave is, A =0.06 m

Also, from diagram, gl =02m

= A=008m
o ;=223 g p
A 008

= k:z—”=78.5m‘1
)

= ©=2rf=23562rads"
dy

Att=0, x=0, == positive
dx P

and the given curve is a sine curve.
Hence, equation of wave travelling along positive x-direc-
tion has the form,

y(x, t)= Asin(et —kx)
Substituting the values, we get
y(x,t)=(0.06 m)sin(23562t - 78.5x)

Since, y = Asin(ot —kx +¢)
At some given instant y=0at x=0
= ot+¢=0

Now, —0.014/3 = 0.02sin(-0.1k)

and 0.01/3 = 0.02sin(-0.8k)
Satisfying these two conditions, we get

k= ZOTE m™, w=2rf = 10007 rads™

0=2-150 ms™
k

2 2

Since, y* =a’ - x’ie, ¥ +y’ =a
So, the pulse is semicircular in shape as shown in figure (a).

For the wave travelling in positive x-direction
y(x,t)= flx-0t),s0
y
(a) —"
a
N,
1 1
1 1
y i i
A 1 1
—vi—*
(b) i '
e
L »X

0, when |x-ot|>0

)= e e

Above equation reduces to equation given in the problem for
t = 0. The shape of pulse ata later time ¢ is shown in Figure (b).

4,

2
a—g:—wzasin(wf—kx) (1)
ot
2
and a—g:—kzasin(mt—kx) ()
dx
From (1) and (2), we get
vy ()7
o Uk Jox?
2 2
Iy _ 29y {TUZE}
o ox? k <
The negative sign between ot and kx implies that wave is [+ 4
travelling along positive x-direction. E
We know that for a wave v = fA &
= % = % -072m T
v

Given Ag = 60°= ——x 60° = = rad
180° 3

Since phase difference, A¢ = 2TEAx
o ar=220=2207 012m
2n 2r 3

Although all the four functions are written in the form
flaxtbt), only (d) among the four functions is finite every-

—(x-ut)?

where at all times. Hence ¢ represents a wave.

Since y(x, t)= ——————, so wave speed is v =3 cms™’
(1) (x-3t)+1 P
and wave amplitude (the maximum value of y)is A =2 cm.

Since,

2
y(x,0)=
4 ) 41
2
y(x,1)=———
vx1) (x-3)+1
and y(x,2)= .
(-6 41
The corresponding graph are shown in figure.
yiem) 3cms™!
Y0 yix 1) y(x2)

x(cm)

Since, k4 =2k=1Nm™

= foL ke 10
2r\'m 2m

v=01ms", A=0.02m
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YA -
f (9) 100
2n

Since, y = Acos[%)(vt—x)

= ¥=0.02c0s100(0.1¢ - x)
= ¥ =0.02cos(10f -100x) metre

Distance between two successive maxima is

2=2F 00628 m
100

Comparing given equation with standard equa-

tion y:Asin(kx—mt):AsinZJr(%—%), we  get,

=il q00m,
T 001

0= fA=3000 cms™ =30 ms™’

A=2c¢m, A=30cm and

Comparing this with y =

, we get
b+(x+ot) 8

a=10,b=5v=2ms™ along —x direction. Also, the ampli-

tude (atx=0 andt:O)isy=%=%=2units.

On comparing the given expression with
y=flx-vi)

We get the velocity of the wave as
v=4ms”

Since these occurs negative sign between x and f in the
given expression, the wave propagates along the +ve x-axis.

The negative sign between 3x and 4f implies that y, is trav-
elling along positive x-direction and positive sign between
them means y, is travelling along negative x-direction. They
will cancel each other when y; +, = 0. Substituting the val-
ues of y; and y, in above equation, we get f=0.75s and
¥=1m.

Test Your Concepts-ll
(Based On Transverse Wave in a String &
Properties)

1.

Since,v:d—xz T =
dt

u

x x 2
= T= gJydx = gj,uoxdx = g'uTOx

0 0
= I:—gyﬂxzzg X
Mo Zpx 2 L
dx_ [gx
N2

By
g

Speed of transverse wave is given by

T[0T 10
u \mp+ox Juy+ex dt

i t
1
= J.(p[,+ax)5dx=j10dt

= =

0 0
dx
x=0r T 1Xx="{
—b
X
I
(g +ox)2"
= =10(t-0)

2[ 3 9}
= 3_(x (ﬂ0+al)l—ﬂ§ =10t
1[ 3 é]
t:ﬁ (JUO‘FQ';’)Z—,UOZ

Tension is string ABis T,z =6.4 g =64 N

So, speed of transverse waves in string AB is

v = h: 64
PV V10x107

= 045 =/6400 =80 ms™
AB

Tension in strong CD is Trp =32 g=32 N

So, speed of transverse waves in string CD is

vy = [0 _ [ 32
P Nuep V8x107

= Uep = /4000 = 6324 ms™'

Already Done in Theory.

Let the tension at point 1 and 2 be T, and T, respectively,
then, T; =2¢, T, = 6g. If v; and v, are the speeds of wave at
ends 1 and 2 respectively, then

o _fh_ o
TZ

v, [l

0 2¢ \F 1
= — = |—=,—=—F

v, \6g V3 V3

= A,=+3,=006y/3m

The linear mass density is

5x107°
p= =
5010

Since, v = F ie, T =uo?
u

= T=(1x1072)x6400=64 N

=1x1072 kgm_1
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Also, young's modulus is given by
_T/A
AL/L
_TL 64 x0.50
TAY  1x10°x16x101
Tension in the rubber tube AB is
T=1mg
(5)(9.8)=49N
Mass per unit length of rubber tube is

u—%—0075kgm

= T=

Speed of wave on the tube is

T 49
= |—-= /— =2556 ms'
u V0.075

The required time is

SAB_ 12 oy
v 25.56

T,
The velocity of the wave is v, = |-
\ 1

On increasing the tension to 47T;, velocity v, is given by

Uy = in =2y
It
o
Also o, = 270, and @, = 272 = 21
4 4
1
Since, P, = Epmflez
1 1 ’
= b= E‘umlzvaz = Eﬂ( ) (20,)A?

% |.T ..;|_e

= P= %(lymfv]Az ) =

Wave speed on a wire is v = / ,

B (X WA
5x10

Given that, v, = 20,
\ APl \’ APz
=025
Pz 1

The tension is maintained at 80 N and amplitude of inci-
dent wave is given to be 3.5 cm.

P Q R
——
f1=4.8m ,=256m

&mass=m,=0.06kg m=02kg

The mass per unit length of PQ and QR is

006 1.
J006 1y d
=g Tgo &

12

13.

Hints and Explanations H.235

:—:—k
M =556 " 108 8™

Speed of wave in PQ) is

T
=== ﬂ=80ms“
My \1/80

Speed of wave in QR is

v, = S L -
n \1/128

(a) Time taken by the wave pulse to move from P to R is
given by
L L, 48 256

t=—+-2=—4"—=014s
v, v, 80 32

(b) Since, A, =| 2=11 A5=(32_80]3.5
Uy + 1y 32+80

= A,=-15cm

Also, A, = 20 Af=[ 2x32 )3‘5
Uy + 7 32+80

= A =2

.. T. 1
Speed of a transverse wave on a stringisv = [—ie., v e T
Given that y, > 1y, v, <7y K A

i.e., medium 2 is denser and medium 1 is rarer.
Tension in string is
T=kr=160x0.01=16 N

/
So, wave speed is v = \/f _
u \m

1.6 x 0.
6x0.4 — 8 ms !
0.01

Time taken by pulse is t = Lo % =0.05s
v

Test Your Concepts-lll
(Based On Sound Waves & Properties)

1.

(a) At a distance r from a point source of power P, the
intensity of the sound is

P 08
dnr* (47)(15)°
= [=283x107 Wm™ (1)

Further, the intensity of sound in terms of (AP),,, p and
v is given by
(AP,

2p0
From equations (1) and (2), we get

I= .(2)

(AP),, =2 2.83x 1072 x1.29 x 340
= (AP), =498 Nm™

CHAPTER 4
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(b) Pressure oscillation amplitude (AP),, and displacement So, percentage change in wavelength is
oscillation amplitude A are related by the equation M4y i
X100 = (1—2]x100
(AP),, = BAk ! A
5 \/ﬁ So, percentage change is (1-0.97)x 100 = 3%
ince, v=_|—
6. Given that, L =10log,,(I/I;)=60
‘SubstitutingB:,eyt)2,1(=9 and o =2rf, we get = I/I,=10°
v
(AP),, = 2Apof = 1=10"%x10°=1puWm™
(AP) 498 Power entering the room is P = IA
_ mo_ -

" 2mpof  (21)(1.29)(340)(600) = P=1x10"x2=2pW

Energy collected in a day is £ = Pt
= Ej ey =2x107° x86400=0.173 ]

= A=3x10"m
2. Since hydrogen is a diatomic gas, so Yu, =7
5 YRT
7. v=,—
M

Since, vy, =7,

Speed of sound in hydrogen is v}, = e
p

=

RMS speed of hydrogen molecules is
P yarog \/}’HZRTHZ _ J}’OZRT@
3P M - M
( Urms )H = Hy 0,
Further y; =7, {- both are diatomic }
P ¥ -
My 1
nm = THZ:(Moj ](T02)=(E)(100+273)

3.  Since power is distributed uniformly in a hemisphere, inten-
sity at a distance of 5 m from the source will be

P__P _W0° W2 = Ty, =-249.7 °C
- =6.

= —_— 25‘, -
A 4nr*2 2n(5) 5 Since oo /75x109 /75
I 637><10*] LoomeerE 2.70x10°

= L-lﬂlogw[g)—lﬂlogw[?

= T, =2331K

= o= 103/ =527 x10° ms™
= L=10(log,,6.37 +6log,,10) 27
2
= L=10(0.80+6)=68 dB 9. Since, I = AP)max
If there are five dogs barking at the same time and at the 2
same level, then I, = 51,. So = (AP),, = m
I, I,
L-L = 1010gm[ ] 10logy, ( > ] = (AP)ax = V2x1.293x340x10°3
1 1

_ -2
& L=L +10log,5 = (AP)ga =094 Nm

= 1,=68+10(0.7)=75dB 10. (a) SinceL =10logy,(I/I,)
4. Speed of sound wave = 20= 1Ologw(—llf_l2 )
B [(2x10°) .
T VT TR = 1=10"" Wm?
B -1
Wavelength, 4 = %: 5.84 m Further, v = \/% =200 ms

Intensity of a sound wave is given by
5. Since, % E = 273+ 10 = @ =0.97 _ (Apmax )2
o, T, V273+27  \300 LT
= (AP)pax = J2Ipv
vy _A

2-22_097 o= fA .
0 A {vo=fa} = (AP)max =v2x107"" x1x 200

As frequency remains unchanged, so
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= (AP)p =2x107"" Nm™

1
(b) Since, [ =21° f Ao = EmzAz,m)

10

o A= 2><10

= A=2x10"m

Further,k—g—500 5 m™ {"U=9}
v 200 2 k

So, equation of the wave is

y=2x10"" sin(SDOt -%x)

11. Since, Uy, = /J—P at 0 °C and
H,

(2V)py, +Vpy,
3V
16sz
3

= Upix = ’ﬂ at0 °C
pmix

Upnix = 1302‘/5 =3253 ms™

Pmix =

= Pmix = { PN, :1419;_;2}

So, velocity of sound in the mixture at 27 °C is given by

(\/ﬁ)(szaﬂ { v T}

= 0=591ms™

(AP,

2pv
where AP, is the pressure amplitude

12. Intensity, [ =

~(6x10%)

S0 1 2 44%107? Wm?
2x1.2x344

2
13. Since, I = (ipij'"

AP),, = J2Ipo = 2(1072)(1.3)(332)

= (AP),=294x10" Nm™
Also, (AP),, = BAK = pv2A(9] = poAw
v

(AP),  294x107
poow  1.3x332x2px10°

A=

= A=11x10"m

Test Your Concepts-IV
(Based On Interference)

1L y=yi+y,

= y:O.2sin(x—3t}+0.251n(x—3t+%]

Hints and Explanations H.237

= y=Asin(x-3t+6) A,
where, A =4(0.2)" +(02)" =028 m
) +(0.2) A 0z
and 9:%
A ~
0.2 A

= y:D.ZBSin(x—SH%]
Since the amplitude of the resulting wave is 0.32 m and
A=02m,so we get

0.32=0.2{1+1+2cos¢
= ¢==*1.29 rad

Given, A = 3
A, 5

Since [ = A%, so L = 3
I, 5

Intensity is maximum when

cosp=land I, = (\f—+\/—)

Intensity is minimum when

cosp=-1and I, =(\/E—\/E)2

CHAPTER 4

: 2
o oin _ JL-4L Jo) (Jn -1
Lo \JL+L | (YL +1
3 2
ool |5 M| 41
L | 3,1 64 16
5

The phasor diagram for the situation discussed is drawn below

Al3+ »A » 2A/3
[
1

Al2 Al2 A
Resultant amplitude A, = (% )2 + ( % ]2
= A= ZA

A2
Also, tan ¢ = ‘T3 = _%

—an (3
= ¢=-tan (4)

Path Difference = ACP — ABP = Ax=11.5 cm
Since there is complete silence at P, so

Ay =(2n- 1}%, wheren=1, 2, 3, ...

= i-llScm
2
= A=23cm=023m
o £ =232
A 023

A=A+ A2 +2A,A cos0

= A=(10)2+(20+(2)(10)(20)cos(60°)
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—~ A=2646m
2 M 0
tang = _20sin(60°) __ ) eee
10+20cos(60°)
= ¢=41°=0714rad

Therefore, phase of the resultant wave is
(5x+25t+0.714) rad

6. Sincev=fA
25w
f 220

Further ¢ = Tn Ax

© eeEor o

Since, they are out of phase at P, therefore destructive inter-
ference must be taking place. So, the resultant power at P is

P -P,=(1.8x10°-12x107) watt
= P -P=06x10" watt

7. Two sound waves reach point D. One reaches D directly
from S and the other after reflection from the wall as shown
in Figure.

im |[1m S 20m
j— ———— e [ ————————————|

The reflected wave appears to come from the virtual image
S" of the source (remember that sound waves follows the
ordinary laws of reflection and refraction). This image 5’
is distant 1 m from wall just like the source. The two path
lengths, now are

SD=+20%+10* =22.36 m

and $'D=+22% +10? =24.17 m

Path difference between two waves is
Ax=2417-2236=181m

When path difference of 1.81m equals nd, a maxima is
formed at D.

= 181=nd wheren=0,1,2,......

o 1811340

[v=f2)

- -3

= f=188Hz, 376 Hz, 564 Hz, ......,

] n(188) H

8. Path difference Ax=§,P - S,P

= Ax= \/ (2) + \/ (1)% +(
= Ar=447-412
= Ax=035m
(a) Constructive interference occurs when
Ax = (21‘1)i =
2 f

f= H(U} ,wheren=1, 2, 3,.
Ax
_ 350 2x350 3><350
f= 035 035 035
= f=1000 Hz, 2000 Hz, 3000 Hz,....

(b) Destructive interference occurs when

= M:(Zn—l)%,wheren:l, 2,3, ..

v
= M—(Zn—l)g {v=fa}
_(2n-1)v
= f= 2Ax
350 3x350 5x350
= f=

2x0.35 2x0.35" 2x0.35"
= f=500Hz, 1500 Hz, 2500 Hz,....
9. The path difference between the waves moving along the
straight path and the semicircular path is
Ax=mr-2r=(m-2)r

For minima this path difference should be at least 4/2 i.e.,
20 cm. Hence, we have, for the minimum value of r

(r=2)r=20cm
r=——- 20 =17.54 cm
T-2
10. @ 4=2=30_spn
180

A maximum will be observed at D, if
Ax=\y*+16-y=A=2m
Solving this equation, we get

y=3m

(b) Similarly, for minima

Ax:ﬂ=3m
2
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Let the obstacle be shifted to the right by a distance z.
Then

2|

= 2(%)2 (2+2) -3=3

2
) +(2+2) -y=3

N =

= z=06m

11. Let x be the distance travelled by the wave when it reaches
the respective point.
For waves arriving at A from P and Q, phase difference is

2
Ay =(¢’P ‘¢’Q)*TE(1P ‘xQ)

When the waves reach A, then Q is ahead of P in terms of
path because wave emitted by Q reaches A before the wave
emitted by P and also phase of P is ahead that of Q by 907,
so we have

¢13—¢Q:+gandxp—xgz—5m
n 2n
= Ap,=+—+—(-5)=0
PR :

Since, Iy = I, + 1, + 2,/[;], cos Ag
= I, =I+I1+2lcos(0°)=4I

For waves arriving at C from P and Q, phase difference is

2
Ade =(¢p “?’Q)ﬁﬂ(’fr’ -xg)

When the waves reach C, then P is ahead of Q in terms of
path, because wave emitted by P reaches C before the wave
emitted by Q and also phase of P is ahead that of Q by 907,
so we have

T
¢JJ—¢Q:+E and xp - xp=+5m

T 2rn
= Age=+—+—(+5)=1x
fe=*3 20( )

= I.=I+I+2lcos(n)=0

For waves arriving at B from P and Q, phase difference is
2r
Agp =(9p _¢Q)+T(x1’ ~xg)

When the waves reach B, then P and Q have same path and
phase of P is ahead that of Q by 90°, so we have

¢1’_¢Q=+g and xp - x5 =0

T T
= App=+=+0==
9=+7 2
= Iy=I+I+2lcos(m/2)=2I
Hence, I, :Ip:1-=41:21:0=2:1:0
12 A=—=——=16m

Path difference between two sound waves reaching at A is
given by

Hints and Explanations H.239

Ax=5A-5,A=(9-1)=8m

Since, we observe that
A . A
Ax = I (Odd Multlple)E

So, the minimum intensity is observed at A.
Since, S, = (-5, 0) and S, =(5, 0)
For intensity to be minimum

A

SiP-8,P=(2n-1)7 n=1,2,3,...

= J+5P 4y - (=51 4y =(16n-8) n=1,2,3,...

This is the desired relation between x and y when intensity
is minimum.

Test Your Concepts-V
(Based On Stationary Waves & Beats)

1. The given wave can be written as the sum of two compo-
nent waves given by
y(x,t)=0.2sin(0.5x - 30t)+0.2sin (0.5x + 30t )
So, wave is made of two component waves
(i) wi(x,t)=02sin(0.5x-30t), travelling along positive
x-direction and
(ii) y,(x, t)=02sin(0.5x +30t), travelling
along negative x-direction.
Now, ® =30 rads™ and k=0.5 cm™

So, frequency, f = % = % Hz

amplitude A=0.2 cm
and wave speed, v = o_3_ 60 cms™
k 05
Particle velocity
vp(x, t)= aa—ytlz —~12sin(0.5x)sin(30¢t)

= =-12sin(1.2)sin(24)

%
Ply=24 cm, =08 s

= 0,=1012cms™

2. (a) Let  be the length of the string. Then

18n="1 (1)
16(n+1)=¢ .-(2)
| _=="777=~ -
S — =
18 cm i n loops
I === ~~o
AT —
160mi n+1 loops
e

From Equations (1) and (2), we get
n=8and /=144 cm

Therefore, the minimum possible length of the string
can be 144 cm.

CHAPTER 4
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(b) For fundamental frequency, ¢ = % = f= v 1T _ 11 Hz

20 20\
= A=20=288cm=288m

5 F ific tension, the fund tal fr f vibra-
Speed of wave on the string or a specific tension, the fundamental frequency of vibra

T tion f e ) So, for having fundamental frequencies in the
v= |-= =50 ms L .
u 4x10 ratio of 1:3: 4, the vibrating lengths should be in the ratio
11
Li:Ly:Ly=1:—:—
1:Ly Ly 3%

N
I
|

=2

= L[:L,:[,=12:4:3

b (=12 1 Since Ly + L, + Ly =114 cm, s0
So, fundamental frequency is given by 114=12x+ 4x+ 3x= 19x
F=2=20 1736 Hz~17 Hz = x=0
A 288 So, L, =12x=72cm, L, =4x=24 cm, L, =3x=18 cm
3. (@) A(x)=(05cm)sin[ (157 cm™)x ] 6. Given that, 11 =0.05 gem™ = 0.005 kgm ™
Atx =566 cm, A(x) =256 cm So 420=n(i) )
This is also the maximum displacement atx = 5.66 cm. '

So, A, =2.56 mm and 490 = (n+ 1)(&) ..(2)
o on 2
®) 4= k157 o From Equations (1) and (2), we get 1 =6
o=2-3 200 cms™ =2 ms™? = a0-¢ L [T
k157 20\
dy .
(c) vp—5—]57sm(1.57x)cos(3141‘) . ﬁ_6[S4LO 104385]'2‘1421“
At, x=5.66 cm and | =2 sec, we get ’
. A A+A 3
00 =785 cms-! 7. Given that, =1 ——
p= a4 Amin Ar’ _Ar 2
(d) Nodes are the points where A(x)=0 = 2A.+2A =3A-3A,
= IZO,E,A,ﬁ,... = SArzAi
2 2
ie,atx=0,2cm, 4 cm,..., etc, we get NODES = %:é
At antinodes, A(x) is a maximum '
2 2
. A 34 54 o L_(A =(l)=i
1.e.,atx—z, T, T,...,etc- Ir’ Af 5 25
ie,atx=1cm,3 cm, 5 cm,..., etc, we get ANTINODES = 1,=004I
0 e e 0 0 So, 4% of the incident energy is reflected or 96% energy
passes across the obstacle.
[ 10 »
e 8. (a) 4 x=0
) 6
So, number of loops is p=4=£=5 ee@@e
A2 2 g
v 1y ) ) '
4, (@) f=—=— |-
20 20\ p From diagram, f:5(%)+(%)=14—1/1
If S be the cross sectional area of the wire, then, p = H
S 47 4x1
A=—=—-=036m
{~ u=ps} 1
1 [YS 10
f=—|—==50012 Hz e Y [6.4x10 — 3578 ms"!
= [—=y——7 = s
26V H ®) p \5x10°
(b) T=YAard=(2x10")(10)(1.21x107)(20) v 3578

f=—="2"-9939 Hz
= T=484N A 036
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(¢) Since, A(x)= Asin(kx)

= Alx=05)=(4x10" )sm( 27 )(1)

0.36
= A(x=05)=257x10"m

= =257 %10 sin( @t +¢)

at x=0.5 m
where, =27 f = 6.24x10* rads™
= y=2.57x107 sin (62400t + ¢)
(a) The equation of standing wave is
y = Asin(kx - wt)+ Asin(kx + wt)
= y=2Asin(kx)cos(ot)

Particle velocity at location x is given by
vp:a%z—ZAwsin(kx)cos(wt) (D)
The kinetic energy of an element dx is
dK:%(‘udx)Uf, ..(2) [~ dm = pdx}

So, the kinetic energy contained between two nodes at
any instant t is given by

Putk==, 0= % = |~ in (1) and then substitute (1) in

T
u
(2), we get

K= kAT sin®(wt)

(b) K. = 7kA’T when sin*(wt)=1

. i 1
(C) Smcef (Sln2 ot >one cycle = E

kAT
= (K )onc cycle ="

=204 cm and
then

For first and second wave respectively A,
A, =208 cm. Let velocity of sound in gas be v cms™
frequencies of first and second wave are

v v v v
= — = — d - —
h 2y 200 f Ay 208
. 20
Beat frequency is f, = 3 Hz
v v 20
ﬁ — —— —
f =500 208 6
- %[M] cms™ = 35360 cms™

= ©0=3536ms"

Fundamental frequency of an open pipe is

v

fl:ﬂ

12

13.

14.

Hints and Explanations H.241

o ==X _055m=55cm
2f, 2x300
SiI'ICE, (fC]OSCd )'l st overtone = (fopen )1 st overtone
3 2 |=of
4, 2t
{, = E’% 2(055)=04125m

= [(.=4125cm

Fundamental frequency of closed pipe is
v 330
——~=825Hz
fo= 473
At resonance, fundamental frequency of stretched wire

equals the frequency of the air column, so we have

= l Z=82.5
201\ u

= T= (001](2x03x825)
0.3

= T=8l675N

CHAPTER 4

Let ¢, and /, be the lengths of closed and open pipes respec-

tively. Fundamental frequency of closed organ pipe f; = o

where v =330 ms™'. Given that f, =110 Hz
= -~ =110Hz
4/,
0
=t =30 07m

4x110  4x110

So, the first overtone of a closed organ pipe will be given by
fi=3f,=3(110) Hz =330 Hz

This produces a beat frequency of 2.2 Hz with first overtone

of open organ pipe.

Therefore, first overtone frequency of open organ pipe is

either

(330+2.2) Hz=332.2 Hz OR
(330-2.2) Hz=3278 Hz

If it is 332.2 Hz, then 2( 2% } -3322 Hz
-2

=0 B 0%9m
3322 3322

If it is 327.8 Hz, then 2[ 2%] —327.8 Hz
2

f=— m=2 10067 m
3278 3278

So, the length of the closed organ pipe is /; =0.75 m while

length of open pipe is either £, = 0.99 m or 1.0067 m.

(a) Fundamental frequency when the pipe is open at both
ends is
v 340
= 5% 206
(b) Letthehole be uncovered at a length ¢ from the mouth-

=283.33 Hz

piece, then the fundamental frequency will be f; =—
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v 340
= (=—=

2f, 2x330
= (=0515m

= (=515cm

Opening holes at the sides effectively shortens the length of
the resonance column, thus increasing the frequency.

15. Number of beats fb=|fl_f2‘
= fi=hthorfi=f-f
= fi=364+30r f;=364-3
= f,=367 Hzor f, =361 Hz

Loading a fork with wax decreases its frequency. On load-
ing the first fork, number of beats produced per second
decreases, so

f1=367 Hz
16. Frequency of fundamental mode of closed pipe is
v
=—=200H
h= ‘

Since, decreasing the tension in string will decrease the
beat frequency, so the first overtone frequency of the string
should be 208 Hz (not 192 Hz).

= 2()€i\‘»=1 z
I\ u
25%107°
= T=(208¢) =(208x0.25)2(7)
# 025
= T=2704N
A
17. SmceE:!?:O.Sm,sol:l.Gm
= k:2—”:2—”"’::*;.9'3,111*1
216
A B
. Ay N
2
= o=0k=(330)(3.93)=1297 ! {v:%}

= y=Acos(kx)sin(wt)
= y=Acos(3.93x)sin(12971)

Test Your Concepts-VI
(Based On Doppler’s Effect)

1. Given fi-f,=3

NENTERE

2,

3.

N
> (=) ) b

Since, difference in apparent frequencies is very small
(3 Hz). So, we may conclude that speed of source (v, ) <

=

speed of sound (). So, we can neglect higher terms of %,
v

= (-5

. ZUSf:B
v

30 (3)(340) 4
v =—= =15m
2f  (2)(340)
(a) Due to motion of the source, the wavelength is changed

from A to A’ (in the direction of v,) and A to A” (in the
direction opposite to v,), where

1
1
I
1
I
|
H—.: =

A A
Y 332-32

= = =03 m
f 1000
and 7= 2F% 332432 ha0y
1000

(b) The number of waves arriving at the reflecting surface
is the same as the number of waves received by an
observer moving towards the source, i.e.,

Fe(5)r

V-7,

f’=(§§§+§;)x1000=1320 Hz
OR f=21% ;f’f' _ 39246 0

(c) Speed of a wave depends only on the characteristics of
the medium. So, the speed of reflected wave is 332 ms™
(d) Wavelength of the reflected wave is calculated in the
similar manner as was calculated in part (a), i.e.,
v-v; _332-64
f 1320

A= 02m

Apparent frequency will be minimum when the source is at
N and moving away from the observer

v 330
f”‘“‘z(ms ]f=(330+30 )(540)

= fon =495 Hz
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(]

v L Just similar to the case of plane mirror, where if the mirror
moves with a velocity v, then the image moves with a veloc-
ity 2v. In this case,

- 2 K 1
’ c v:‘ US
o ) )
c-1, c c
V.
N ; v,
o , = r=rei(2)
Frequency will be maximum when source is at L and c
approaching the observer Since, f'— f = 2.6x10° Hz, n=7.8x10° Hz and
v 330 8 o1
= = (540) ¢=3x10" ms ™, so we get
fan [v—vs }f (330—30)
3_ 9 _Us -
= f..=594Hz 26x10°=7.8x10 (3)(103]—26115
Further when source is at M and K, angle between veloc- = 0,=100 ms™ <
ity of source and line joining source and observer is 90°, so . . (a4
v, cosf = v, cos(90°) = 0. Hence, there will be no change in Using equation (1), we get (1]
the apparent frequency. v, = % - 25ms ™ =180 kmh E
2
4. The situation is as shown in figure. <
7. Att=10 sec, velocity of A is given by I
5 s Uy =1y +apt @)
L] *—> +-—e

= v,=(2)+(2)(10)

Cliff = 0,=2ms"
(a) Frequency of sound reaching directly to us (by S) B I VA
) L)
fi=| = ]f=( 530 ](1000)
v+ 330+10 Here B is the source and A is the listener. Hence
= f,=970.6 Hz fr_f[v‘%)
v-D,
(b) Frequency of sound which is reflected off from the cliff ’
(from §) . f_[v—vs)f,
-0y
v 330 )
= = (1000)
f (v-us]f (330—10 . f:( 330-2 )><352
330-22
= f,=1031.3 Hz
= f=3748Hz
(c) Beat frequency, f,=f,- f
= f,=607 Hz 5. (@) A’:(U;w}z(“w)l
v
5. (a) Initially the velocity of source is zero, so
A-1 w
=230 035 m = =
f 1000 v
(b) Instantaneous velocity of the source So, percentage increase in wavelength is
v, =at =10t % %100 =10%
v
= f'= ( ) f =( 350 )(1000) (b) There will be no change in the frequency.
V-7, 350 -10¢t
© r=(2)s
The average frequency over a time f;, =1 sec is given by v
. ty = y;=01v
(f’)zg-[f’dtzll)lél.S Hz = f=l1f
0

So, the percentage increase in frequency is 10%
6. Assuming that the airplane is approaching the observer

with velocity v,, then velocity of image of source from
which the reflected wave is being produced is

v, =20, (1)

. 1T 1
9, Smce,f=§ E=2x01
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Also, f '—( ¢ ] f where v =300 ms™*
v+ Ug
= f'<f
Since, f - f'=1Hz
= 400- 300 400=1
300 + v,
Solving this we get
0, =0752ms™
[ v
L o
V-1, v+7,
4
sz( = )1000Hz
340-0.17 340+0.17
= fb =1Hz
wall

There are two cases possible.
Case 1: When S moves towards wall.

Case 2: When S moves away from the wall.

But in both the cases only R, will register the beats.

11. Sincev:(%)c
= v:(EJ(BXIOR):l.SXIOEms_l
100

12. Maximum value of the listener (7, ) or the source (, ) is
given by

v, =0, = A® =41 ms™

340 —4rx
S r Jmin = Jrecede = 300
O fnin = freced (340+41r)( )

foin = 278.62 Hz

and fmax = fappmach =(

fmax =323 Hz

340+ 4x
340 -4r

)(300}

13. Normally, we take east direction pointing to the right
and west to the left. However, to be able to determine the
sign of different velocities in the most general formula for
Doppler’s effect, we shall take east on the left, so that the
source (i.e., the engine) is on the left of the observer. The
directions of all the velocities are marked in the Figure.

—r
S (0]
Ay —mmm—o —— -

14.

The most general formulae to determine apparent frequency is

f,_f[vﬂrﬁ, —vo]

0+ 0, — U
Here, f =1200 Hz, v=330 ms™’,
0y =72 kmh™ =20 ms™

& oo 320+ (-10)—(-15)
330 +(~10) - 20
. f:lZDD( 330—10+15)
330-10-20
12000335 a g,
300

Let the speed of the plane (source) be v.. The maximum fre-
quency is observed by the observer when v, is along SO.
The observer receives maximum frequency when the plane
is nearest to him. That is as soon as the wave pulse reaches
from S to O with speed v the plane reaches from S to 5" with
speed v,.

Hence,t‘:gzSS
US
(%)
= 0, = v
SO
RO
= 0=

i ;’hz_sz

R R
where cosf = N ie., 8=cos ( E)

_ Rocos™ (R/h)
S

= U

Single Correct Choice Type Questions

1.

Att=0, x=5 cm, initial phase of insect
¢, =(207)(5)-(507)(0)= 1007

After 5 s insect will most a distance a = vt = 25 cm
So, it will be at x = 30 cm
Phase at this instant is

. =(207)(30) - (507 )(5) = 3507
= Af=¢;—¢;=250m

Hence, the correct answer is (B).

f =50 /100 { foeT}
f+5°<\/ﬁ
f+5_1
f-510

= 10f+50=11f-55

= f=105Hz

Hence, the correct answer is (A).
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[ ] |
v,=t =2
A7 40 0-60
v v
VB:—:—
20 0-61

Since, v, - vy =5

[ v

= —-——=5
0-60 0-61
= v=183ms”
= VA=;ii=305Hzande=300Hz

Hence, the correct answer is (C).

In the first case
N | P, N | N

= /4> |
« r=2 "

Point P is an antinode i.e., the string is vibrating in its sec-
ond harmonic. Let f; be the fundamental frequency. Then
2fy=100 Hz

= f;=50Hz

Now P is an antinode (at length //4 from one end) so centre
should be a node. So, next higher frequency will be sixth
harmonic or 6 f, which is equal to 300 Hz as shown below:

N N

— (4 —pia— (4 —»t 2 .l

Hence, the correct answer is (D).

Frequency f o Jm_g /80 f e \/g
In water f, =08 f,,

= $_(087 =064

g
= 1-Pu_ge
p”l
= Pu_q36 (1)
p"f

where, p,, is relative density of water i.e. 1 and p,, is relative
density of mass

In liquid, £~ = (0.6)* = 0.36
8

= 1-PL_036
pﬂl
= PL_pp ..(2)
p”f

where, p; is relative density of liquid.
From equations (1) and (2), we get

p. 0.64

po 036

9.

10.

Hints and Explanations H.245

= p =177 {p.=1}

Hence, the correct answer is (B).
pip 3f,=3 ¢
For pipe P, 3f. =3| —
e 47,

For pipe Py, 4f, = 4| —
20,

where, ¢, and /; are lengths of closed and open organ pipe
respectively. Since both are in resonance, so

i )4a0)

= L£==
ty 8

Hence, the correct answer is (B).
Since frequency remains constant, so v o< A
A_w

A T

CHAPTER 4

1

o - /t+27310:(1+i]2/10
273 273

For -1<x<1,wehave (1+x)" =1+nx

= A =(1+5‘i—6]ﬂ.ﬂ =(1+%]110=115 cm

Hence, the correct answer is (B).

Since, v = T /i3 =100 ms . s0 A= 2>=1m
1 V35x10 f
2r
=

k= i 21 radm™
= ©=vk=2007 rads™
At x=0, v, = maximum = Aw
Since, Aw = (Wave Velocity )(Slope)

_ slope x wave velocity (7:;"20) x(100)
[0} 200

A

= A=0.025m
Hence, the correct answer is (D).

Since,f=fﬂ(v+vn)

v

e

v (4

This is an equation of a straight line with positive intercept f,

fon

and positive slope ——, where v is the speed of sound in air.
o .
Hence, the correct answer is (A).

is another form of progressive wave
(xtot) +b

equation propagating with a speed v. Negative sign to be

y(x, t)=

taken for propagation along +x-axis and positive sign to be

taken for propagation along —x-axis.
Hence, the correct answer is (D).
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12,

13.

14.
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Let, Ax be the path difference, then

Ax = L2P - LIP
= Ar=v40+9*-40=41-40=1m
For first maximum Ax

= 1=2(1)(£)
2

= A=Im

= (Zn)%, where n=1

= f:%:BSDHz

Hence, the correct answer is (B).

Since, A=_——m
500
So, first resonance length is
A 3B
Ty "
Second resonance length is
34 _ 66
Ty T ™
Third resonance length is
_5A_33
Ty "
Fourth resonance length is
74231
(4= m
4200

which is greater than 1 m. Hence only three resonances are
obtained.
Hence, the correct answer is (D).

. T . . . .
Since = |—, where T is tension in string, ¢ is mass per
u

unit length i.e., 4= Ap, where A is the area of cross section
of the wire.

T T _|T
“Nu \Alp/l \Ap

v—l = —TlAZ = \/Z = 2
) LA

Hence, the correct answer is (B).

Since, f = (ZHLUD]fg—f +f

= fepe L5

, where vy = gt

ie, f-t graph is a straight line of slope fg
[
= g _ slope
v
3
= =ﬁ=m=300ms_l
slope  10°/30

Hence, the correct answer is (C).

15.

16.

17.

18.

According to Snell’s Law of Refraction
v; _sing
v, sing

_, u_BD/AD_BD

v, AC/AD AC

Hence, the correct answer is (C).

Since, f, - f. =2

v_v_v_
20 4r 4l
- gzg (1)

When length of open organ pipe is halved and that of closed
organ pipe is doubled, beat frequency will be

fo-fi=

U7U

08 8¢
Substituting %= 8 from equation (1), we get

=7

Hence, the correct answer is (B).

For Listener in the front

, v
f=f[ )
V-1,
v -, 345-30
AMN=—= == =0.63m
f ( f ) 500
For Listener at the back
155
- i,=£=U+US=345+30:0‘75m
f f 500

Hence, the correct answer is (B).

In front of the locomotive, effective value of velocity of
soundis v’ =v+v,

v+10,)-0
S , I: ( w
o f f[(vﬁ—vm)—vs]
,1'=(345+10)'30 ¥t
500 fof
A= 325—(]65
500

At the back of the train the effective value of velocity of
sound is 0" =v -1,

= f= f[(v Uu)n;rvs]

A,[(345-10)+30]
500

A’-@—OB
500

Hence, the correct answer is (A).
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19. The given pulse is of the form
B a
b+(x—ot)

where v is the wave velocity
Given equation is

y

=— ~ _att=2s .2
Y 1+(x-1) @

Comparing equations (1) and (2), we get
vt=1
= v=1=l=0.5 ms™
t 2
Hence, the correct answer is (B).

20. Standard form of a sine wave is
y = Asin(wt —kx) ..(1)

2 2
Here,w:—n,k:—ﬂ:
T A

and v= o &

T
With these substitutions we can see that equation (1) can be
re-written as OPTIONS (A), (C) and (D).

Hence, the correct answer is (B).

21. Path Difference = SM" - S, M’

iy

2m

@ )

® SiM = S,M
S, 1 2

When the box is rotated

2m

*——o—o—— e\
S Sz

4m

= Ax=5-3=2m
For MAXIMA

Path Difference = (Even multiple)%

Ac= ()™
2

For 5 maximum responses

S 2=2(5)% {

= A= z =04 m
5
Hence, the correct answer is (B).
22. Since, @, = 10007 and @, = 10087
= fi=500Hzand f, =504 Hz
= fy=f-fi=4Hz

Hence, the correct answer is (A).

23.

24,

25.

26.

27.

28.

Hints and Explanations H.247
Since, P = 1 pw’A*sv and A L
2 L 2
o b 2 {.‘.fxl]
L ooy A1 A
Given that P, = P,, so @,A; = 0,4,
4 o 1
Ay, o 2

Now pressure amplitude
Py = ByAk

(k)G

Hence, the correct answer is (A).

Sincef=16i00 Hz,soT=%s

P 330(60/100)
T2 2
Hence, the correct answer is (B).

CHAPTER 4

At t=0, x=0 displacement y = 0. Therefore, OPTIONS (A)
or (B) may be correct. Secondly slope at x =0 at t = 0 is posi-
tive i.e., particle velocity is in negative y-direction because
particle velocity is v, =—v(dy/dx). So, particle at x=0 is
travelling in negative y-direction.

Hence, the correct answer is (B).

340+15
340-15
Hence, the correct answer is (C).

= f’=1000( )=1092Hz

Initially frequency of vibrations of closed organ pipe is

10 kHz.
_ v _JYRT/M
f= 4 4
= fodT
’ 7 'l@'lz
f_z\/fz(HL) TS
foNT 300 600
L peried)
- 600
, f
= = = ——
A =f 600
10%x10°
= =16.67 H
= ==

So, number of beats produced =16.67 Hz.
Hence, the correct answer is (C).

According to Hook's Law, F =T = kAx

T |k(20-1) ki
= V= |—= = |—
u M3l \M/3l




29.

30.

31.

32.
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k(4l)
=22
M/el Vo

Hence, the correct answer is (D).

Also, o' =

Power (which is directly proportional to intensity) is given by
1 2
P=—nuw'A
He e

where, y1 is mass per unit length, A is amplitude, v is wave
speed.

I 1 Ale!

= T T
I, 36 Aw
1 A?1

= —=—-
36 Aj4
A1

= —==
A, 3

Hence, the correct answer is (A).

For not hearing the echo the time interval between the beats
of drum must be equal to time of echo.
_2d 60
oW

2(d-90)

andt, == -1
v

= 24-180=v ..(2)
From (1), we get

2d=§0.
2

t

(1)

Substituting in (2), we get

= EU—lBD:U
2

= 180=

[N N1

= ©0=360ms"

2(d) 3
= —=—
360 2
= d=270m

Hence, the correct answer is (D).
y, =4sin[27(200)t ] and y, = 3sin[27(202)t]

Number of beats per second = 2 bps

2
Liax =(4+3) 49
i 4-3

Hence, the correct answer is (B).

=a sin[ mt—zﬂ]
= 1

=a sin(a)t 2£+¢+£)
Y2 =1 1 2

min

{--sin(90+0) = cosb}

T
= Ap=¢+3

Since, Ap = 2775 Ax

33.

34.

35.

36.

37.

A T
= ae=p {03

Hence, the correct answer is (B).
c-v

Since, f'= f(—)
c+v

= r-f=( )

c-v
where, ¢ is velocity of waves emitted by radar ie. ¢ is
velocity of light.
, 20
> f-f=f

{vc-v=c}

20

= 2:6x10° =———x780x10°
3x10

] 3
o (3)(10 )(26 X:D ) =0.5X103 ms_1=0.5 kmS_l
2x780x10

Hence, the correct answer is (B).

Since, / = 81
2

20 (2)(06)
33

A m=04m

Since, Umax = (amax )Cl)
= ... =(05x102 m)(27)(50) ms™ :g ms™!

= Upayx = 1.57 ms '

Hence, the correct answer is (A).

c
Since, f =~
ince, f v,
A _ e |dt|_ o
dt| 4t|dt| a4

Hence, the correct answer is (B).

1T 1 [0.4x9-8
Since, f =n| — |— |=4| —— :
f [zz ,u} [2(0.8) 10‘3,.-’0.8]

= f:%quggx =%x4x14=160 Hz

Hence, the correct answer is (C).

1 |1
S‘ ’ = - -
ince, f =n { ; }

= Tn’ = constant
where 1 is the number of loops

= (04)(16)=(25)T
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[ ] ]
( ) 4 2 = 36-275s=4
= T=(0-4 f)
( 5 32
= s=—
Hence, the correct answer is (B). 27

Hence, the correct answer is (D).

Vel f longitudinal I d velocity of tr
+ Velocity of longitudinal wave v, = |~ and velocity of trans- 43 = gy he given equation wave number

2
verse wave is v, = ( \/; k_T_ (107)(0.01)
1
vl YS ( _ 1 _ = k=0lzm
Al I 1/n Since, phase difference A¢ = (Z_R ) Ax

A

Since, f <1, so fz g: Jn = A¢=(017)(10)=x

In the above equations p is density of string, Sis area of Hence, the correct answer is (B). <
t;ross-secﬁon of string, Y is Yz}ungls modulus of elasticity, so o CH_ Yu,Mco, ) (7/5)(44) _[® } E
5" Stress = Y (Strain ) = Y( T) Uco, \Yco,Mh, (9/7)(2) V45 E
Hence, the correct answer is (C). Hence, the correct answer is (A). <
At T4 37 43. Since, 45 cm =5(9 cm) and 99 cm =11(9 cm ) -
. x=—andx, ="
3k 2%k So, two other length between these two values are 7(9 cm ) v
= sinky, is not zero and sinkx, is not zero. and 9(9 cm) i.e. 63 cm and 81 cm respectively. So, the fun-
Therefore, neither of x; or x; is a node damental length is 9 cm
= Ar=1,—x (E_l)” n = 9= {for a closed organ pipe]
P2 3k ek 4
- A o = A=36cm
Since A Ax< T 505< Ax<i { k= 7} Hence, the correct answer is (D).
n . v
Therefore ¢, = and ¢, = kAx= i 44. Since, fapproach = (H)fo = fiand
G _6 S
v
¢2 4 fmcodez( T ]f0=f2(<fl)

Hence, the correct answer is (D). Ur g
Since, f JT Hence, the correct answer is (B).

f. o Vpg 45. On getting reflected from a rigid boundary the wave suffers
- ; air \/w air  _ \/ T an additional phase change of 7 (According to Stokes Law)

water water - we

= y=08Asin(wt+kx+r)

f o |_P
- ﬁ_z_ £=Pu = y=-08Asin(wf+kx)

Hence, the correct answer is (B).

= 4p - 4pw =p
4 46. y, =-08Asin (ot +kx)
= P=%Pu (1) .
3 Hence, the correct answer is (C).

Similarly, in second case 47. For change of pressure, velocity of sound remains the same

S| v Uy [303
f13 Np-p = =0 -\
j L v 340 V288
4
= 3
P 4 = Uyp= 340, — 05
= 3= 5 288
3 po—pL |[4-3°F Hence, the correct answer is (A).
w
I I
48. Since 2=2and L, -L, =101 =
where, 2L = specific gravity (say s) Since L and I =1, =10 Ogm[ L )
w
4 = L,-L;=10log;y2=3 dB {~log,2=0-3}
= 9=

4-3s Hence, the correct answer is (C).
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50.

51.

52.

53.
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Let equation of a plane progressive harmonic wave be
y = Asin(ot - kx)

. w . . .
Wave speed is v = X maximum particle speed is v, = Aw.

Given that v, <o
@

= Aw<—
k

= A<1
k

= }’1<i
2

Hence, the correct answer is (A).

) fappmachf_ frcccdc — 29,

Since
2vv,

2 2
U =0

=0.02

o?>>0?
2ovv,

2
v

=0.02

= 2% 002
(4

= 20,=(0.02)(300)=3 ms "
Hence, the correct answer is (D).

This problem is a Doppler effect analogy where f = 20 min ",

=300 mmin~' and v, = 30 mmin~"'

&nm_f_f[va}

300
300-30
Hence, the correct answer is (C).

= f=( 20)( ]: 22.22 min*

. v
Since, f, = 3 (1)

Now beat frequency f, = f, - f,

v [y

EEEen

=

2 2
a-—w_m]
[+2A0 - +2A1

2 - 4(Ar) ]

= A=)

> -w[

4A1Y  Bf,Al
= g2 )=

Hence, the correct answer is (A).

Let the third note of fixed frequency be f. Let f, and f, be
the frequency of notes. Then

v 1950
h = and f

_v v 193v
A 80

"7, 80

54.

55.

56.

57.

58.

59.

Also, fi—f=5and f-f,=5

= fi-f£=10
= 2—'U:ll)
80

= =400 ms™

Hence, the correct answer is (D).

Fundamental frequency of open organ pipe is

f=2= 3 550
20 2x0.3
The given frequency
f=11kHz=1100 Hz = 2,

Therefore, the given frequency corresponds to 2™ harmonic.
Hence, the correct answer is (A).

Sincefmﬁ,soA_legzl(L]
f 2T 2\100
Given that Af = %: 1-5

1.5 1
= @ — =

f 200
= f=300Hz

Hence, the correct answer is (C).

Let /7 be the length of rope. Then tension in the string at
height i will be

A

T=7hg

T
Since, v = ( d
u -

. m
where, 1 = mass per unit length = n

o o= g

= o’ =gh

= =

i.e., v versus h graph is a parabola.
Hence, the correct answer is (C).
AT

Since,f—= ,T+AT =1+ —
f T 2T

E_zﬁ_z(i]_i
T ~f “\s00/ 100

So, %age change is 2%
Hence, the correct answer is (C).

Sincef—l\ﬁandzf—l Ul
20 \'m 2/ 1

T+W  my+m
T m
= m=3my=12kg

= 4

Hence, the correct answer is (C).

. . o1
Amonosyllabic sound reaches listener after reflection in — s,
so distance between source and listener is 5

d:v(i)=330(l]=33m
2 10

Hence, the correct answer is (B).
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60.

61.

62.

63.

64.

65.

Let n; and 1, be the number of loops in the wires. Also, they
vibrate with same frequency, so

n T M T
20\ mr?p 20\ 7(2r)p

m 1
= _1=_
fy, 2

Hence, the correct answer is (C).

AL o,
Since, —=+—>
A c

= M:M
C

s

When a star recedes the A increases (as f decreases)

Hence, the correct answer is (D).

v-0 330
‘= =600 — [=660 H
f f(v—vs] (30(}) z

Hence, the correct answer is (B).
RP=d’+a*+ 2a2cos¢v
= a=da+a*+24° cos ¢

1
= cosxp:—i

2
=3
Hence, the correct answer is (D).
340
(o = LA 25cm
4f, 4(340)
Fy Y \/ i
(8]
wn
15 _[N
Q Y
n
: -
y [Te]
lE o
&)
w
<
Yy ¥ Yy ¥y
f3= 1020 Hz ;=340 Hz
Fundamental length = 25 cm
Length of organ pipe/air |
(Column for third harmonic )~ £3=75cm

(As organ pipe is closed, so even harmonics are absent)

Length of organ pipe/air
column for fifth harmonic

): f5=125cm
(as /5 >120 cm so this value is not permissible)

As water is being poured in the organ pipe it starts rising
and gives the resonance firstly for 75 cm. Hence length of
water column =120 -75=45 cm.

This is due to the fact that while pouring water
f5 comes first and f; comes later.
Hence, the correct answer is (B).

Let speed of observer be v along y-axis and speed of source
is 2v along the x-axis.

66.

67.

68.

69.

70.

71.

Hints and Explanations H.251
0S=2(0P) { v,=20y}
= coso= 2 and cosﬁ*L
N V5
Now,f:fD(V_UUCOSﬁJ
V +u,cosa
>
1 5
[N
2
v
V-
S fef|—2 (1)
V+

where, V' is the speed of sound
From equation (1) we can see that f is constant but less than

fo-

Hence, the correct answer is (B).
Vi [B gt B
Va T U2 T,
N Vi n
2 U

Hence, the correct answer is (B).
Since, (AP),, = 27 f pvA
A — (AP )HT

2rfpo
f W

27x10° x300x1.5 37
Hence, the correct answer is (D).

=

Sincey=4sin(nt+%} where =1, k:Tz—

= U:%:lG cms ™!

Alsow=m,s02nf=r
= f=05Hzand A=32cm
Hence, the correct answer is (A).

A(p:(%]m:z—”(mz) {"- Ax=vAt}

32
= A= %(16x0.4)=0.4n

Hence, the correct answer is (B).
2r 2n 3n

A¢=7Ax=§(12)=?

Hence, the correct answer is (C).
Since v, — v =2 (1)
andvg-v, =2 ..(2)

CHAPTER 4




72.

73.

74,

75.

76.

ICON
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On putting wax on prongs of B, frequency of B decreases
and number of bps decreases to (1) bps. This condition is
satisfied by equation (2). Hence

vy —100=2
= vy=102Hz

Hence, the correct answer is (D).
Path Difference Ax = (SA+ AP)-SP
= Ax=(65+65)-120

= Ax=10m

——120 m—>
So, net path difference between waves arriving at the per-

sonis Ax=10m
For maxima, i.e. constructive interference, we have

Ax:(Zn)%;n:O,l,Z ......
A
= 10=(2n)5;n=0,1,2, ......
= 10=nA;n=0,1,2,...
= }|.=E;n=0,l,2, ......
n
= ,1:10,5,@, ................
3

Hence, the correct answer is (B).

When the source approaches the observer the apparent fre-
quency f’ is increased and since, I =< f* intensity of sound
wave get increased.

Hence, the correct answer is (A).

Since ffzf(u}soilz(u]
R f V-7,
Hence, the correct answer is (B).

Let / be the length of the pipes and v the speed of sound.
Then frequency of open organ pipe of nth overtone is

fi=ln+1)— o1
and frequency of closed organ pipe of nth overtone is
v
=(2m+1)—
fr=(2n+1) Y,

fi_ 2(n+1)
f2 2n+1
Hence, the correct answer is (B).

T/ T/pS
Since, f o« Y1 TIPS
{ 4
where (1= pS and S is cross-sectional area of wire.

JT/pr?

¢

The desired ratio is =

= fe

77.

78.

79.

80.

81.

82.

83.

i
P tly

= f 1=4f
Hence, the correct answer is (C).

= fo

Velocity of wave pulse at distance x from the bottom

pxs
i

As velocity is mdependent of p, time taken by both are
same.
Hence, the correct answer is (C).

Beat frequency f, = f, - f,

v v
fb:ﬁ_Z(Hx)
-1
= fb=;|:1—(l+§) :|

[ X X
=114 2
= h 2?[ +€} 202

Hence, the correct answer is (C).

Let density of Hydrogen be p, then that of Oxygen is 16p.

(4V)p+V(16p)
4V +V

mixture —

= Prmisture = 4P

Given that, vy, =1270 = \/)Zp
p

1 ,
SO’ Unixure = E = 5(1270) =635 1'.'1'15_l

4p
Hence, the correct answer is (B).

Since [vp) = Aw and wave velocity, v = %

max

For both to be equal, 4 = 27A
Hence, the correct answer is (B).

320+10 33
o {2 222 o 22 o)
ince, f=fu o-ul\ o 320-10 21

= f=85kHz
Hence, the correct answer is (A).

3
Sincen:z(i),sonES[U) "
2/ 4/ 4

Hence, the correct answer is (C).

f=1000 Hz
A
Distance between two consecutive nodes is — so, distance
A 54
between six nodes is (6-1)= 52

e o o & ¢ 0
N N N N N N
:2=82-5
2
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84,

85.

86.

87.

88.

89.

90.

= A=33cm

Since, v=fA

= a:(i](woo):ssoms*‘
100

Hence, the correct answer is (B).

Hence, the correct answer is (C).
1T
20\ u

1 T
20\ 7D*p /4

1T {
n=— U=
p

_an n
22

Hence, the correct answer is (D).

= *n

fet Lol AY a5y, Y=
20\u 20\ Ap

Hence, the correct answer is (A).

1 [ T
Since, f = 2(D p
f

So fD = constant and hence f becomes 3

Hence, the correct answer is (B).

v
2(0+A1)

505 |

Al . .
Since v <<1, so from Binomial Theorem, we get

a5

Hence, the correct answer is (D).

. v
Since, f, = T

=

VAl
202

Let v be the speed of sound and u the speed of train.

Thenv, =9, =u

+ 2]
andf’:f[v v, COS ]
v+, cosf
v+ucose)
=
f= f(vﬂ:cos@ f

Hence, the correct answer is (C).

T_fA
Aif1

(Inverse Square Law)

}

All of the options except (D) form equation of a progressive

wave.
Hence, the correct answer is (D).

91.

92.

93.

94,

95.

96.

97.

98.

Hints and Explanations

H.253

Since v = f , where 11 =pS
u
T } 1000
=== 70—6 = 103 msfl
pS  V100x10x10

Hence, the correct answer is (B).

1
Since L, — L; =10logy, [ I—z]
1

2
i ] 1010gm( ! }
rz 2

]= —2logyo ()

= 20-40= 1Dlogm[

1
= 2= logm(—2

)
= n=10m
Hence, the correct answer is (C).
Since two coherent waves have different amplitude,
a, ]2 #0

Hence, the correct answer is (C).

50 Iy = (1

L

a, 3

Imax (al +.'12 )2
=(a,+3a,) = 16a] =161

Hence, the correct answer is (A).

= Irnax

2
L = (”1 ‘“2)
a,-3a, )" = 4a} = 41
Hence, the correct answer is (C).

= L :(

v-0 350
appraach = 1000 = = ann
Fappronc [U—vs}f 300
v-0 350 300
=] —— 1000
= e [U+v5]f 4007350 ¢

= frecede = 700 Hz

Hence, the correct answer is (A).

er _ ZEZszsz
1 |Power
- 2rfr\ 2mpo
1 10
= =(.96
272(1000)(10) Y 22(129)(3a0) "0 K™

Hence, the correct answer is (D).

Intensity I = Fow
4

Since, v, -V =5

orvy—v,=5

CHAPTER 4

(1)
(2)

On filing A, the number of bps increases which is satisfied

by (1). So
vy =-512=5

= v,=517Hz
Hence, the correct answer is (C).
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p_ M
f=—
2

Second over
tone

First over
tone

Fundamental
tone

A
Since, / =L
2

= L=
ﬂ'2

Similarly, ¢ = 37

/
= lzzz—

Hence, the correct answer is (B).

100. feT
f+§x¢ﬁ
r_s
T
= T'T=(2-1]x100=125%
T 4

Hence, the correct answer is (C).

Speed of sound in a gas v, = ]’;_T

while r.m.s. speed of gas molecules is

3RT
v

Since, y is always less than 3

101.

v, <y
Hence, the correct answer is (B).

102. f/ = constant

(256)¢=(512)(0-5)
= /=1m

Hence, the correct answer is (C).

103. An open pipe and a closed pipe of equal length cannot
have the same frequency at any harmonic.

Hence, the correct answer is (D).

104.

105.

106.

107.

108.

109.

_ 1,30
2
Hence, the correct answer is (C).

X

Since, f = %

Given, fi-f,=6

v v

=6
1 1.02
Solving this we get, v = 306 ms '

Hence, the correct answer is (B).

L_16_a
L 1 a
= a—‘=4
ap
I

Hence, the correct answer is (D).

0o JT and T < Af
- 0_2: (A{)g
Ul (Aph
= 1072
U
= Uzz\/iy

Hence, the correct answer is (C).

L (040 2(4+1)225
I i a,—a, 4-1 9

Let a = amplitude due to s, and s, individually

Loudness due to s, = I, = ka*

Loudness due to s, +s, = =k(2a)’
= n=10log,, L
L

= n=10log, (4)=10x0.6=6
Hence, the correct answer is (D).

Since, A—f =2.5%
f

f-f_25_1
f 100 40

Since f’-f[v_yv ]

s

1
= -
f 40
v-v+ov, 1
-1, 40
) 1

4l

{k = constant }
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110.

111

112,

113.

114.

115.

= 40v, =320-70,
= 41y, =320

v, = 320 =78 ms™
41
Hence, the correct answer is (C).
1T
F=501G
i

T becomes 4T, so f becomes 2 f i.e. all harmonics and over-
tones are multiplied by a factor of 2.
Hence, the correct answer is (A).

Let y, = Asin(wt), then

= yz:Asin[a)H%]

= R? :A2+A2+2A2cos(%)

= R=\24

However, both will have the same frequency on
superimposing.

Hence, the correct answer is (D).

Path difference
Ax=5,D-5D=5-4=1m

The corresponding phase difference will be
2z 2r T
=l —|ax=| = |(D==
(5 (T3
Using I =1, + I, + 2,/I,1, cos ¢, we get
[=1,+1,+2 IOIOCOS(§]=ZIO

Hence, the correct answer is (C).

,
Since it is being plucked at a distance of Z So, we must get
two 100 ps. Hence

{2

20
f= 153
1000

~ f-200Hz

Hence, the correct answer is (B).

Since v, = fﬂ,vz /E
M M
= vn=v\j%

Hence, the correct answer is (C).
2 2
Since, k = o 0.01 zem™ and v = @
A 200 k
= o=vk=(100cms™)(0.01 7 cm™) =75

= y=10sin(0.01 zx - xt ) is the desired equation

116.

117.

118.

119.

120.

Hints and Explanations H.255

because the particle at x = 0 is moving downwards at f = 0.
If we substitute x = 0 in this equation we get y = ~10sin (),
which is an equation of a SHM moving along negative of
direction at £ = 0.

Hence, the correct answer is (A).

Pressure variation has no effect on the speed of sound
Hence, the correct answer is (D).

The maximum particle velocity is aw, a is the amplitude
= 0, =(0.1)272(300)

= Upay =607 cms™
Hence, the correct answer is (A).

The formation of the reflected pulse from a free support is
similar to the overlap of two pulses of same nature travel-
ling in opposite directions as shown below.

VAN T A ,

»

-3 cm—»t3 cm—»

Therefore, net displacement of all points will become twice
as shown below:

CHAPTER 4

E 2cm
e

—
1cm

Hence, the correct answer is (D).

The formation of the reflected pulse from a fixed support is
similar to the overlap of two inverted pulses travelling in
opposite directions as shown below:

N

H=3 cm—>i+=3 cm—*

t=0

—
—A—r:ss

Hence, at t=3s, net displacement of all particles of the
string will be zero i.e., string will be straight as shown below:

—_—e

Hence, the correct answer is (A).

For 1st reading of oscillator
fu=(514+2) Hz

= f4=516 Hzor512Hz

For 2nd reading of oscillator
f,=(510+6) Hz

=  f4=516 Hz or 504 Hz

Ahas a frequency of 516 Hz
Hence, the correct answer is (C).



121.

122.

123.

124.

125.

126.

127.

128.

129.

ICON
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2
I a
I—l—[—l] only when other properties like den-
2 y
sity of medium, speed of wave etc. remains the same

1 22)
I =—pvw .
( Zpo “

Inincident and reflected waves medium is same. Therefore,
other properties are same. Hence,

L_(aY
I, B a,
Hence, the correct answer is (A).

v=0,=|—

i
Hence, the correct answer is (D).

L= lolog( io ) and L, = 1010g( 500]
0 Iy

= L-L= 10log[ 5% ) 1.7 dB
Hence, the correct answer is (B).

Next Resonance length after the fundamentalis 3/; = 48 cm
Hence, the correct answer is (C).

The maximum difference between the frequencies is
fi=n+1)-(n-1)=2Hz

Hence, the correct answer is (C).

AL
Since, — =0.01%

v_oot
c 100

f%xiixlo
100

= 0=3x10* ms™

= ©v=30kms"
Hence, the correct answer is (C).
Since, v < T
D _,_ |2
v Tl
= T,=4T,=4(273)
= T,=1092K =819 °C

Hence, the correct answer is (C).

Wave number k = 2715 =0.6 cm™!

C
206

_34_
2
Hence, the correct answer is (D).

m
I I

1 f=21 »

/

3( ) cm =15.7 cm
0.6

Since it vibrates in 4 segments, so we must get 5 Nodes and
4 Antinodes.

130.

131.

132.

133.

134.

135.

136.

137.

. . A
Distance between two consecutive nodes is E
Hence, the correct answer is (A).

Two syllables in an echo means that time is 2( l] S

= o5 (T F)oom

Hence, the correct answer is (C).

y =ae™" is one more form of progressive wave equation
propagating with speed v.
Hence, the correct answer is (B).
2n
Ap=| =2 |Ax
(%)
SO UL
3 (360/500) f 500
Ax = E m=12 cm
1000

Hence, the correct answer is (B).

Third overtone is the fourth harmonic i.e.
fy=4f =400 Hz

Hence, the correct answer is (C).

f _v 340
Y740 080
= f,=425Hz

Since in a closed organ pipe only odd harmonics are pres-
ent. So, possible vibrations are f;, 3f;, 5f1,.....
= 425, 1275, 2125, .....
Hence, the correct answer is (B).
If the last fork gives octave of the first, then frequency
of last must be 2 times frequency of first. So, the series
becomes
v, v+4,v+8§, ... 2v
This is an Arithmetic Progression with common difference 4.
= 2v=v+(65-1)(4)
= v=256Hz
Hence, the correct answer is (B).
o_n
4[ 2
Hence, the correct answer is (A).

YP Umonatomic — Y monatomic -
p Utriatome ytriatomic

. v
Sincen=—,s0n’ =
2

Since v =
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138.

139.

140.

141.

142,

143.

144.

145.

v ; 5
= monatomic _ ( =112
Utriatome 4

Hence, the correct answer is (A).

=507 and k=107

@ 50r
S d m—=—=
pee k 107

Hence, the correct answer is (C).

-1
5ms

350= -~
20

350:@

= /=0-5m
Hence, the correct answer is (B).
1 1 1
Since fe<—,50 f+5<—and f—5e——
f / f 1 f 1-05
f+5_105
f-5 100
= 100f+500=105f - 525
= 5f=1025

= [=205Hz
Hence, the correct answer is (D).

U—_
10

Hence, the correct answer is (B).

148.

f= f=y =12

Second overtone is the third harmonic i.e., 3 loops and
hence 4 nodes and 3 antinodes.
Hence, the correct answer is (C).

Iy =1+, + 21, cos¢

= Ip=1+41+0

= I=5I

Hence, the correct answer is (B).

Fundamental frequency of a closed pipe is given by
v

fo= v
Here, v = speed of sound in air

Length / of air column will first decrease and then becomes
constant (when rate of inflow = rate of outflow). Therefore,
fo will first increase and then become constant.

Hence, the correct answer is (B).

Since, L =10log,, ( I)
IU

-8

2x10 ,
- L= 101og-.0[1x0—12} =10log;,(2x10*)

= L=10[log,2+logy(10*)]

= L=10(43)=43dB
Hence, the correct answer is (C).

146.

147.

149.

150.

151.

Hints and Explanations H.257

Since f =T, 50 2f o< T”

T'-T 3

Hence, the correct answer is (D).

Apparent frequency for reflector (will act as an observer)
would be
v+ U
A=(=)r
v
where f = actual frequency of source.
After being reflected the apparent frequency will further
change and the reflector will now behave as a source. The
apparent frequency will not become

CHAPTER 4

(4
fa= ( )f 1
v-u
Substituting value of f;, we get
v+ u
he(2t)f
Uv—=u
Hence, the correct answer is (C).
_ (v+o,
(fapproach )A =5.5kHz —( v )5 (l)
v+v
(fapproach ]B =6kHz 2( . . )5 -..(2)

where v is the velocity of sound

= 5.5=(1+U—A)5

v

= _p1 ..3)
(4

Similarly, 6 = (1 + B )5
v

= —=02 ...(4)
v

= T9—"*:2
Ua

Hence, the correct answer is (B).
Time interval between compressional maximum and rar-

. , . T
efactional maximum is 5

T_1_ 1
2 2f 1000
Hence, the correct answer is (C).
Separation = & =Y E =0.35m
2 2f 1000

Hence, the correct answer is (C).

Since, [ o= A%w?

I—'=(l)(16)
I, \4



152.

153.

154.

155.

156.

157.
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= I—‘:4
I

o f2_1
I, 4

Hence, the correct answer is (C).

. . . A
Distance between two adjacent antinodes is 5 o vol-

ume of string between two adjacent antinodes V' = %a
E=(V)(u+uy)

Here, u is the energy density (energy per unit volume)

159.

which is equal to %pA?m2

Smspa’w®

e —

Hence, the correct answer is (C).

L= 1010gm[ } 10log,0(10°) =50 dB
L
Hence, the correct answer is (D).
I, 4
Since I—l =—,s00,=2a,

2
I SR 2=(2+1T=9
Lin 4~y 2-1

i‘““" ): 10log,(9)

min

So, L, -L,= 1[)logm(

= Ll - L2 - Zﬂlogw (3)
Hence, the correct answer is (B).

Since, L=10log,, { Ii

} where I, =107 Wm™
0

= 70= lOlogm(iJ
Iy

=~ Loy
Iy
= [=10" Wm™
Hence, the correct answer is (A).

-1
f,=900( —>%0_ =9oo(1+i)
300+, 300

= f,=900-30,

Similarly, f, —900( 300

300+ v,

]—900—302
Given, f,- f; =6
= 3(v-1v,)=6

_ -1
= 0;,-0,=2ms

164.

Hence, the correct answer is (B).

v-0 340
fapprnach - ( U——U: ]f 320 f

158.

160.

161.

162.

163.

v+

o o= 52 )7=(550 )/

f apprmd'\ 360 9
320 8

Hence, the correct answer is (A).

=1pm2szwherev=f
2 U

Hence, the correct answer is (C).

f recede

When the source approaches the observer

o)) )

= [f‘ff]xmo_ %100 =10 (1)

-7,

In the second case when the source recedes the observer.

-1
v v, v,
= ]=f(1+—’] -f{1-%)
v+7, v v
= [fz f ] x100 =
f
In the first case observed frequency increase by 10% while

in the second case observed frequency decrease by 10%.
Hence, the correct answer is (D).

xlOD =-10 {from (1))

Since on decreasing the temperature, velocity of sound
also decreases (v = /T ) and hence frequency of air column
also decreases. Since beat frequency also decreases hence it
is obvious that the frequency of air column must be higher
than that of fork. Let f be the frequency of fork, then

f+4 05 [273+51 18
f+l v, V273416 17
= f=50Hz
Hence, the correct answer is (A).
340 10
fl_(340-34]f_?f
340
d -
and f, = (340 17)f f
fi_ 1009 19
f, 2019 18

Hence, the correct answer is (D).

Since there is no relative motion between the source and
listener, so apparent frequency equals original frequency.
Hence, the correct answer is (A).

. 1
Smceszt—=2Hz,so t,=05s
b

Hence, the correct answer is (A).

Since, 90-40= ]Ologw(fgo]
I-‘lﬂ

= w08

Iy
Hence, the correct answer is (D).
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165.

166.

167.

168.

169.

Since fD = constant

= fiDi=fD,

D= (4D

= D’=1D
4

Hence, the correct answer is (B).

Given, 3 “ =2 7
4, 24,

m 2 6

So,n=9 and m=6.
Hence, the correct answer is (C).

Given that£=25%=l
f 4
, f=f1
f 4
= 4f —4f=f
= 4f'=5f
= L:E
f 4
v 5
= ==
v—-v, 4

= 4v=>5v-5v,
= U=
Hence, the correct answer is (A).

For open pipe, the fundamental frequency is f = %

When dipped half in water, it becomes a closed organ pipe
of length /2, so fundamental frequency is

r__ U =
f'= 4(1/2) f
Hence, the correct answer is (B).

Fundamental tone of a closed organ pipe is less than the
fundamental tone of an open organ pipe of same length.
Given that f, - f, =4

When the length of open organ pipe is increased f, will

1
decrease, because f < I so| f, ~ f.| or beat frequency may

increase or decrease.
Hence, the correct answer is (D).

170.

171.

172.

173.

174.

175.

176.
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Length of string / = (number of loops ]( %)

Since, length is constant, wavelength 4 will become half
when the number of loops become two times.

Further frequency f = % = consant

o

So, v should also become % times

1
Therefore, speed v will become — times when mass on the
pan is reduced to %
Hence, the correct answer is (B).

Since, 425:595:765=5:7:9
So, pipe must be a closed organ pipe

Hence, 2 =425
4/

5(340) 105
47
= /(=1m
Hence, the correct answer is (A).

v 340
=== H
fo 40 4 85 Z

Hence, the correct answer is (D).

Jr_? . /},(E)
p M
Uy, Mo, \jﬁ
= —_—= —_—= —
UO? MHz 2

UH,

CHAPTER 4

= =4

3)02
Hence, the correct answer is (C).
Due to weight of the rope, the tension will increase along

the rope from the lower end to the upper end. Hence, the
pulse will travel with increasing speed as

T
v=|—
i
Hence, the correct answer is (B).
v=f4
= 25=f(100)
= f=025Hz
= T=l=4s

Hence, the correct answer is (A).

y = 2asin (wt)cos (kx)
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A
Distance between a node and antinode is T
So,d=7-5¢cm
Hence, the correct answer is (A).
Since, the frequencies are in the ratio of 5:7:9, so, itis a
closed pipe
425 Hz = 5( 1)
47
50 5x340

1= =
4x425 4x425
Hence, the correct answer is (C).

m=1m

Let a; and a, be the amplitudes of incident and reflected

waves. Then
a.+a :
~—TL=n {given)

a; -

~ afri(n—l)
a; n+1

So, fraction of energy reflected is

E _(a z(n—l)2
E \a n+1

Hence, the correct answer is (B).

a,

2 2 2
L =17 a" =n"I

= Itoialz(lo)zln =100I0

1001
= I,=(I)= 001, =101,
10
Hence, the correct answer is (C).
f1 = 50 Hz

Second overtone in a closed organ pipe is the fifth har-
monic (as even harmonics are absent), So

f,=5f, =250 Hz
Hence, the correct answer is (D).
ff:f[”‘o)zgo ? —90xX_100 Hz
v-0, (0_1) 9
10

Hence, the correct answer is (A).

Since, f, =6 bps =6 Hz

i v

T50 504

= ©v=378ms’’

Hence, the correct answer is (C).

Since, Af = f1 - f,
= w5 )

-}

6

vy, O Ve
*— o o—
s 5

> () ()]

> e[

Hence, the correct answer is (A).

Multiple Correct Choice Type Questions

1.

T
v=_|—
Jii
For equilibrium Mg =mgsin30=T
= M= n
2

N 100=J My =J M(9-8_)3
9.8x10 9.8x10

= 100=+/M(1000)

= M=10kg and m=20kg

Hence, (A) and (D) are correct.

y=10"sin(60t + 2x)

A=10"m,@=60rads, k=2m™

Speed of wave v = % =30 ms™

® 30 2n

Frequency, f = — = — Hz. Wavelength, A = =—=7m

quency, f=-—=— 8 p

Further, 60t and 2x are of same sign. Therefore, the wave

should travel in negative x-direction.

Hence, (A), (B), (C) and (D) are correct.

y=asin(at - fx)

Compare with the standard equation of progressive wavei.e.
y=asin( ot —kx)

= w=ocandk=p

o o
=2=2 PTION (D
= v P {OPTION (D)}
= nf=«
o
= f= Py
o T-2% {OPTION (B)]
o
Since, k = m =j
2z
A= F {OPTION (Q))
Hence, (B), (C) and (D) are correct.
Let the progressive wave equation be
y=asin(ot —kx)
= %:amcos(mt—kx) (1)
2
= %:—am%m(mt—kx) ..(2)

Alsoa—:—akcos(a)f—kx) (3
dx
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2
= a—y—akzsin(mt—kx) (4
ox?

Hence, (A) and (B) are correct.

222239 !

B i
f 25 O’ xw 27
!

6m

Amplitude difference = zero = A
Phase Difference =7 = ¢

Hence, (A) and (D) are correct. 12m

Maximum speed of any point on the string is v,,,,, = a®

= Upa =a(27f)

v 10 -1
= g =—=—= Given: v =10 ms
1010 { ]
= 2maf =1
1
= =—
f 2ma

Since, 2=10" m

1 10°
2rx10 2r
Speed of wave, v = fA

f=

3
= (10 ms"l)= (£ s )l
2r

= A=2rx107m
Hence, (A) and (C) are correct.

Wavelength depends on length which is fixed. Therefore,
wavelength does not change.

/T
Furtherv=,|—
m

= peTH?
= (% changeinv)= %[% changeinT)

= (% changeinv)= %(2): 1%

i.e., speed and hence frequency will change by 1%

Change in frequency is 15 Hz which is 1% of 1500 Hz
Therefore, original frequency should be 1500 Hz.

Hence, (B), (C) and (D) are correct.

L>T,

= >0

= fi>f,and fj-f,=6Hz

Now, if T} isincreased, f; will increase or f; — f, will increase.
Therefore (D) OPTION is wrong,

If T} is decreased f; will decrease and it may be possible that
now f, — f; become 6 Hz. Therefore (C) OPTION is correct.
Similarly, when T, is increased, f, will increase and again
f» — fi may become equal to 6 Hz. Therefore (C) OPTION is
correct.

10.

11.

Hints and Explanations H.261

Similarly, when T, is increased, f, will increase and again
f2— fi may become equal to 6 Hz. So, (B) is also correct but
(A) is wrong.

Hence, (B) and (C) are correct.

Conceptual
Hence, (B) and (C) are correct.

fe(pt)s,

V-w-u

u u
S0, f,> f L1 ]
(V+w+tu fy
fz_(V+w—1t)fl
So, > fi

Hence, (A) and (B) are correct.

The shape of pulse at x =0 and t = 0 would be as shown, in
Figure.

y(0, 0):%—8=0.16m

From the figure it is clear that y,,,, =0.16 m
Pulse will be symmetric (Symmetry is checked about v, )
ifatt=0

y(x)=y(-x)
From the given equation
08
1627 +5
08

16x* +5

= y(x)=y(-x)
Therefore, pulse is symmetric.
Speed of pulse
Att=1sand x=-1.25m value of y is again 0.16 m, ie.,
pulse has travelled a distance of 1.25 m in 1 s in negative x-
direction or we can say that the speed of pulse is 1.25 ms™
and it is travelling in negative x-direction. Therefore, it will
travel a distance of 2.5 m in 2 s. The above statement can be
better understood from Figure.

y(x)

and y(-x) {att=0)

Yy Yy
0.16 m 0.16m
—X + > X
x=-125m x=0
t=1s t=0
Alternate Method:

If equation of a wave pulse is
y=flaxtbt)

CHAPTER 4
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The speed of wave is Y in negative x-direction for

a
y=flax+bt) and positive x-direction for y= f(ax—bt).
Comparing this from given equation we can find that speed

of wave is E=1.25 ms™ and it is travelling in negative

x-direction.
Hence, (B), (C) and (D) are correct.

For closed organ pipe,

f:n(i)where, n=1,3,5,...

no
= (=—

4f
Forn=1,1(;= 1)(330)

. x100 cm = 31.25 cm

Forn=3,73=3(,=9375cm

Forn=35,15=>5¢=156.25 cm
Hence, (A) and (C) are correct.

The fundamental frequency of oscillation is

fi\/ii T
20Nm 20\ pS

Here, m = mass per unit length of wire = pS

where S = area of cross-section of wire

T Al
Ezst‘ress= Y(Stl'ain):Y(T):chf

1 [ra
20\ p
= fxixx/?«\/?andfoc\/f

Hence, (A), (B), (C) and (D) are correct.

= f=

w=157, k=10
- -1
Speed of wave, v = P 1.5ms

Wavelength of wave A = el = 2 =02m
kK 10xm

10zx and 157t have the same sign. Therefore, wave is
travelling in negative x-direction.
Hence, (B) and (C) are correct.

In plane progressive harmonic wave particles execute SHM
and in SHM phase difference is
A¢ = 1t between displacement and acceleration

Ap= g between displacement and velocity

n . :
and A¢= 5 between velocity and acceleration

Hence, (B), (C) and (D) are correct.

For a plane wave intensity (energy crossing per unit area
per unit time) is constant at all points.

17.

18.

19.

20.

But for a spherical wave, intensity at a distance » from a
point source of power P (energy transmitted per unit time)
is given by

P

[=—

47r’

1

= Joe—
2

1 P
For a line source [ = — because [ = —
r nrt

Hence, (A), (C) and (D) are correct.

Conceptual
Hence, (B), (C) and (D) are correct.

f f[U+UW\ll ]

U= TUyall
«—
BEFORE 33ms™
REFLECTION
v,
SOUND
b’s=0
‘_
AFTER
REFLECTION 33 ms™
PLA
SOUND
vs=0
= f’=1000(340+33 ~1020 Hz
340-3.3
Al
F=1 c100=Y x100=2%
f f

Hence, (A) and (C) are correct.

For fifth harmonic, number of loops formed is 5, so

No. of nodes =6
~2m 2x3.14
Tk 628

=0.1m

Length = % =025m

The mid-point is antinode. Its maximum displacement
=0.01m
v @
=2 e

Hence, (B) and (C) are correct.

=20Hz

Velocity of particle is given by v, = —v( j—y)
x

Here, v is wave speed and ;y the slope.
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At point E slope is positive, therefore, v, will be along nega-
tive x-direction. Similarly, slope at D is zero. Therefore, v,
at D will be zero.

Excess pressure dP =-B- dy
dx

At C slope is negative. Therefore, dP is positive i.e., particles

located near C are under compression.

At point D, slope is zero i.e., dP = (.

Hence, (A), (B), (C) and (D) are correct.

Standing waves can be produced only when two similar
type of waves (same frequency and speed, but amplitude
may be different) travel in opposite directions.

Hence, (A), (B) and (C) are correct.

Any function y = f (at £ bx) represents a wave if it is finite
everywhere and at all times. The function

1

4t +3x

is not defined at x=0and t=0

y

Hence, (A) and (B) are correct.

The wave travels from left to right. Therefore, points lying
leftwards are always ahead in phase. Further

Particle velocity = —(wave speed )(slope)

Slope at A is positive, while at B is negative i.e., particle
velocity at A is negative and at B is positive. Therefore, A is
moving downwards while B is moving upwards.

Hence, (A) and (D) are correct.

4

Velocity of wave is v= % = g =0.8 ms™

The displacement of a particle of the string at t = 0 and

™ L
=™ from the mean position is

y=Ssin(5—”-0]=8sin(f)=8(l]=4m
30 6) \2

Hence, (A) and (B) are correct.

From the given expression for y:
amplitude A =0.02 m
angular frequency @ = 50x rads™

and wave number k =10z m™

Now wave spesed U= o = 50_” =
k 10z

Therefore, OPTION (D) is wrong

5ms

3
Displacement node occurs at 107x = g, TE etc.
1 3
xr=—,—
200 20

x=0.05mand 0.15 m

Displacement antinode occurs at

=

10zx =0, , 27, 37 etc.

= x=0,01m,02mand 03 m

26.

27.

28.

29,

30.

Hints and Explanations H.263

Wavelength 1 = 2 (distance between two consecutive nodes
or antinodes)

= 1=2(01)=02m

Hence, (A), (B) and (C) are correct.

ABC has negative slope hence, represents compression,
while CDE has positive slope hence, represents rarefaction.
Hence, (A) and (D) are correct.

The number of waves encountered by the moving plane per
unit time is given by

distance travelled
=

wavelength
- n=”—”=£(1+9)=f(1+9) (oPTION (A)] N
A4 c c o
The stationary observer meets the frequency f” of the inci- [l
dent wave and receives the reflected wave of frequency f” E
emitted by the moving platform as <
0 L
. f ( 1+ )
prod AT T opmon ) (e
1.2 40 (c-v)
c c
c cfc-v
Wavelength, "' =—=—| — PTION (B
avelength, & f(HU) {OPTION (B)}
Beat frequency, f, = f" - f
f(l ‘ E) 142
> fi=p—fafl—L£-1
e
C C
v
( 1+— ) f
S fes o) X
I
c

Hence, (A), (B) and (C) are correct.

Conceptual
Hence, (A), (B) and (D) are correct.

As fi:fa: f3=3:5:7, string is fixed at one end. Its funda-
L 1B s5m,
3 3

Hence, (B) and (C) are correct.

mental frequency is f; =

Comparing the given equation with standard equation of
stationary wave

y =2asin(kx)cos(wt)

we have 1=2 mm

2r
k=—=3.14
A
= —=1lm
2

So, the smallest possible length is % or I m.

Hence, (A) and (D) are correct.
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below the point under

( M ) weight of part of rope hanging
T=|—|xg=
consideration.

Hence, (B) and (D) are correct.

The graph shows the situation shown in figure. The observed
frequency will initially be more than the natural frequency.
When the source is at P, natural frequency i.e., 2000 Hz.

Vs P

[ =]

T
|
I
|
I
I
I
<!
Wl

Iy

For region AP:f:fO[U]
v —-7v,c0s6

ForPB:f:fﬂ[

v
v+7,cosd

Minimum value of f will be
v
fmin _fﬂ( U+Us )

300
300+,

Solving this we get,

when cosf=1

= 1800= ZOOD[

v, =33.33 ms ! and maximum value of f can be

fmax_f{)[v_vﬁn)

= fom = 2000[ _sW0
300-33.33
Hence, (C) and (D) are correct.

when cosf=1

]: 2250 Hz

For closed pipe, f = n( %)n =1,3,5...

20

Forn=1, f, =~ =2 _go 1y

47 4x1
Forn=3, f;=3f,=240Hz
Forn=5, f;=5f =400 Hz
Hence, (A), (B) and (D) are correct.
Conceptual
Hence, (C) and (D) are correct.

Since, the edges are clamped, dis- y
placement of the edges u(x, y)=0 )
for i
LineOAie,y=0,0<x<L
ABie,x=L,0<y<L

BCie,y=L0=x<L >
OCie,x=0,0sy<L

36.

37.

38.

The above conditions are satisfied only in alternatives (B)
and (C).

Note that u (x, y] =0, for all four values e.g., in alternative
(D), u(x, y)=0for y=0, y =L but it is not zero for x=0 or
x = L. Similarly, in OPTION (A) u(x, y)=0atx=L, y=L
but it is not zero for x = 0 or y = 0 while in OPTIONS (B) and
(C),u(x, y)=0forx=0,y=0,x=Land y=L.

Hence, (B) and (C) are correct.

{?zﬂ I A
4 A
A 4
= 4T3~ 04m ' N r=12m
Pressure variation will be maxi-
mum at displacement nodes ie., N

at 0.4 m from the open end and at
closed end.
Hence, (B) and (C) are correct.

In case of sound wave, y can represent pressure and dis-
placement, while in case of an electromagnetic wave it rep-
resents electric and magnetic fields.

NOTE: In general, y is any general physical quantity which
is a made to oscillate at one place and these oscillations are
propagated to other places also.

Hence, (A), (B), (C) and (D) are correct.

The shape of the equation is as follows:

y
A

O\

X

From this we can see that amplitude of wave is 2 units.

coefficient of
Wave speed v = ——————
coefficient of x

= U=§=2 units
3

Hence, (B) and (C) are correct.

Reasoning Based Questions

1.

In resonance tube, the vibrations are set-up in the air col-
umn which only depends on the length of the resonance
column and velocity of sound. The liquid in the tube only
reflects the waves which upon superposition produce sta-
tionary waves. Therefore, if oil of density higher than that
of water is used, there will be no effect on the frequency of
waves set-up.

Hence, the correct answer is (D).

It is known that all the stars are moving away from each
other. Therefore, apparent frequency of light emitted from
a star as received by an observer on the earth is less than
its actual frequency. Since, wavelength is inversely propor-
tional to the frequency, the apparent wavelength of the light
from the star is more than the actual wavelength. In other
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words, wavelength of light shifts towards longer end i.e.,
towards red end of the visible spectrum, this is red shift.
Hence, the correct answer is (A).

The gases possess only volume elasticity (gases do not possess
shear elasticity). As such, only longitudinal waves can propa-
gate in gases. On the other hand, the solids, possess both vol-
ume and shear elasticity and likewise both the longitudinal
and transverse waves can propagate through the solids.
Hence, the correct answer is (B).

If a closed pipe of length L is in resonance with a tuning fork
of frequency v, then

-2
4L
An open pipe of same length L produces vibrations of fre-

v

v : . : .
quency - Obviously, it cannot be in resonance with the

given tuning fork of frequency v( = i ]

Hence, the correct answer is (C).

For an isothermal process, PV = constant.
Differentiating both sides, we get

PdV +VdP=0
= PdV =-VdP
daP
= B =- =P (1)

dv
()
For an adiabatic process, PV" = constant
Differentiating both sides,

P(yv?" ' )dvV+V7dP=0
= YyPAV+VdP=0

= BT __.p (2)

(V)

%

From equation (1) and (2)
Bﬂd = I}’Bisot

As y>1, therefore B4 > B

isot

Hence, the correct answer is (B).

Only transverse waves can be polarised. Sound waves
(mechanical wave) cannot be polarised as they are longitu-
dinal in nature whereas light waves can be polarised as they
are transverse in nature.

Hence, the correct answer is (A).

According to Newton, speed of sound in gases,

Kisn \/E
0= |2 = |—
Ve \p

Laplace pointed out that since the wave propagates quickly
in the medium and the changes taking place in the gases
due to the propagation of sound cannot be isothermal but
are adiabatic in nature, he corrected the Newton's formula
accordingly, i.e.,

10.

11.

12.

13.

14.

Hints and Explanations H.265

v= Kadia= E
Ve \p

Hence, the correct answer is (A).
For open organ pipe fundamental frequency is expressed
asn= ;—{ here v is the velocity and / is the length of organ

pipe. Since, the velocity increases rapidly with the increase
of temperature in comparison with the increase in its length.
Therefore, it is clear that the frequency increases with the
increase of temperature.

Hence, the correct answer is (A).

Intensity of sound at any point is energy flowing per second
per unit area around that point. So, it will not change due to
motion of listener.

The apparent wavelength changes with the motion of
listener.

Hence, the correct answer is (B).

Stationary wave is represented as shown in figure.

From the figure we observe that at nodes the amplitude is
zero and velocity of particle is also zero and at antinodes
the amplitude is maximum. Hence the velocity of particle
is also maximum and all particles cross mean position
between two successive nodes.

Hence, the correct answer is (A).

The wood offers high damping to the sound waves. For
making the bells the low damping is required and for low
damping the metals are most suitable. Hence, the bells are
made of metals.

Hence, the correct answer is (A).

Sound has greater speed in solid than in air. Hence, when
ear is placed on the rails the sound of train coming from
some distance is heard. Hence, Statement-1 is true and
Statement-2 is false.

Hence, the correct answer is (C).

Sound coming from the different sources can be recognised
by virtue of their quality which is characteristics of sound.
That is why we recognise the voices of our friends.

Hence, the correct answer is (A).

The speed of sound in gaseous medium is given by

U\/f\/m )

At constant temperature

PV = constant ..(2)

If V is the volume of one mole of gas, then density of gas

M M
p=—or V=—
4 p

where M is the molecular weight of the gas.

CHAPTER 4
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. PM
Therefore, Equation (2) becomes, — = constant
P
P :
= —=constant as M is a constant

= v =constant

Thus, change in air pressure does not affect the speed of
sound.

Statement-2 is clear from Equation (1).

Hence, the correct answer is (D).

In stationary wave, total energy associated with it is twice
the energy of each of incidence and reflected wave.

Large amount of energy are stored equally in standing
waves and is trapped within the waves. Hence, there is no
transmission of energy through the waves.

Hence, the correct answer is (B).

When the source of sound (engines) moves towards the lis-
tener, the apparent frequency,

v

v, = v

V-7,
Or the other hand, if the source of sound moves away from
the listener, the apparent frequency

Vy = ¢ Vv
h =
v+,

It follow that v; > v,. Since pitch of a sound depends on fre-
quency, the whistle of the approaching engine is shriller that
the receding engine.

Hence, the correct answer is (C).

Doppler’s effect is observed readily in sound waves due
to the larger wavelength. This effect is not followed with
light due to shorter wavelength. The velocity of light is
3x10° ms™ and 332 ms™' velocity of sound.

Hence, the correct answer is (B).

At the point where a compression and a rarefaction meet,
the displacement is minimum and it is called displacement
node. At this point, the pressure difference is maximum
i.e., at the same time, it is a pressure antinode. On the other
hand, at the mid-point of a compression or a rarefaction,
the displacement variation is maximum i.e., such a point is
displacement antinode. However, such a point is pressure
node, as pressure variation is minimum at such a point.
Hence, the correct answer is (B).

The resultant amplitude of two waves is given by

A=\la} + a3 +2a,a,cos0

Here, 0, =a,=A=a
1:1+c059
2

= cosf= —l
2

= 6=120°

Statement-2 is incorrect as it is just opposite to the Principle
of Superposition of waves.
Hence, the correct answer is (C).

20.

Experimental value of velocity of sound in air is 332 ms™

Theoretical value of velocity of sound from Newton’s

formula is 280 ms™

Difference between the two values is 332 -280 =52 ms™"

332-28
33

Percentage error = > 0 %100 =16%

Hence, the correct answer is (C).

Linked Comprehension Type Questions

1.

y= 4sm%cos(96xt): A, cos(967t)

Here, A, = thinE
' 15

5
atx=5am, A, = 4sin£= 4sin§ =2J3 em

This is the amplitude or maximum displacement at x =5 cm.
Hence, the correct answer is (C).

Nodes are located where A, =0
mx

or —=0,7m2r, ...
15

or x=0,15cm, 30 cm etc.
Hence, the correct answer is (B).

Velocity of particle,
v,= ¥ =-384 sin( ual ]COS(96?‘H )
af x=constant 15

At x=75cmand=025s
v,= —384frsin[ u ]sin(24rz) =0
2
Hence, the correct answer is (A).
Amplitude of components waves is A = % =2 cm
T
w=9mand k=—
15
Component waves are, y;= ZSin( %x - %m‘) and
T
=2sin| —x + 967t
7 ( 15 ]
Hence, the correct answer is (D).

. v
Since fapp _(H]fﬂ

300

= 22x10°=
300 - 30 f
2.2x10° x 270
fo=———Hz
300

= f,=1980 Hz =1.98 kHz
Hence, the correct answer is (B).

300
=22x10° = (1
fapp 300—?)5 fﬂ ( )
300
fru_\cn_\cle:]'8X103:300_‘_05 fO ..(2)
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Dividing equation (1) by (2), we get

22 300 -,
18 300+,
= 400, =(22-18)300
v, = 1200 ms™ =30 ms™
40

Hence, the correct answer is (D).

7. Frequency of second overtone of the closed pipe

] x=0
AP=0
L:% -------- X=X
AP = £ APy sin kx
/15=5(1]=440
4L
L= o m
4x440

Substituting v = speed of sound in air = 330 ms!
5x330 15
L= =—m

T 4x440 16
Hence, the correct answer is (B).

15
_2_4(16] 3

8 A

5 5 4
Hence, the correct answer is (D).
9. Open end is displacement antinode. Therefore, it would be
a pressure node.
oratx=0,AP=0
Pressure amplitude at x = x, can be written as
AP = AP, sinkx

Wherek:z—n:zi:S—E m™
A 34 3
L 151
Therefore, pressure amplitude at x= 5= 1516 m or

(E] m will be
32

87 1 5
AP = £AP, sin(—”)[—‘r’] = +AP, sin(—”]
3 \ 32 1

AP,

1]
2
Hence, the correct answer is (C).

AP =+

10. Open end is a pressure node i.e., AP =0.
Hence, B, = Ppin = Mean pressure (PD ]
Hence, the correct answer is (C).

11. Closed end is a displacement node or pressure antinode.
Therefore, B, =L, + AP,

12.

13.

14.

15.

16.

17.

18.
19.

20.

Hints and Explanations H.267

and P, =P, - AP,
Hence, the correct answer is (B).

L is the mean position of oscillation of the particle
So, the kinetic energy is maximum at E

Hence, the correct answer is (B).

The stretching of string is maximum at E

So, the elastic potential energy is maximum at E.
Hence, the correct answer is (B).

B is moving up and D is moving down.
Hence, the correct answer is (C).

The wave reflected from denser medium will suffer an addi-
tional phase change of 7. So

y, =Acos(ot—kx+¢+m)
=y, =—Acos(ot—kx+9)
Hence, the correct answer is (D).

Conceptual
Hence, the correct answer is (C).

CHAPTER 4

Conceptual
Hence, the correct answer is (D).

The correct answer is (B).

The correct answer is (A).
Combined solution to 18 and 19

vi+y, =1, (at point P)

= A+A =4 (D)
ayi ayr a_% :
Also, = + =L = == (at tP
o ox " dox  ox (at point P)
ke

= AE+AF=A,k

1

Solving equations (1) and (2), we get
= (kj_k')A and A = 2k;

T (k) T (k)
Since, tension T' is same in both the strings, so we have
0]
v=—
k

T w
=  [—=—
i

As T and @ are same in both the strings, so

bl
(o =iz 2( )

=2 A=——"—" AandA =——"—"-—A
W) )
Path difference between the waves reaching D is
Ax = 3nR nR _ 2nR

——=nR
2 2 2

Since, Iz =1, + 1, +2,/I;]; cos ¢



21.

22,

23.

24,
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= Iﬁz(ﬁ+£)zwhen¢=2nn,n=0, 1,2,3,...

Since the wave generated is divided equally in two parts, so
we have

I
h=5=§
b L)
- (5
2 \2
= Ig=2l,

Hence, the correct answer is (C).
Since Ax =R
For maxima, we have

A¢p=(2n)m, wheren=0,1,2,3,....
- (%)(ﬂR):(Zn)n‘

TR 7R

= lmax = 1

Hmin
= Ay =7R
Hence, the correct answer is (A).
Similarly, for minima, we have

Adp=(2n+1)x, wheren=0,1,2,3,....

= (%)(nR)=(2n+l)n

. _ 27R
I
= Ay =27R

Hence, the correct answer is (B).
.2
Since, y = asm[f(vt - x)]
From the graph, =10 mm =1 cm
A=8m,v=1ms™

= y:lsin[%r(t—x):l cm

Now v =%=ECOS[§(f—x)]

n
= vp(x=4m,t=0 SJ:Z cms™
Hence, the correct answer is (B).

At the instant and location asked, the two waves will super-
impose, so the net displacement is sum of displacement due
to individual pulses.

y1(x=9m,f=85)=% cmand y, =1cm

1
= ynet=y1+y2=(ﬁ+l) cm

Hence, the correct answer is (A).

25.

26.

27.

28.

29.

30.

31.

32,

33.

34.

Net velocity is sum of velocity due to individual pulses.

b4 T
Since, v, = —cos| —(t—x
174 [4( )]

= Ul(x=9m,t=88}=—%

Hence, the correct answer is (C).

€ A2 >
Hence, the correct answer is (A).

o _4
v
40x2
= =202
v 0.1 V2
m:%(zo\/i)

= =44 rads’
Hence, the correct answer is (A).

Conceptual
Hence, the correct answer is (A).

Velocity of particle undergoing wave motion is given by

__,%

ot ox
Att=0and x=2, we have

-3
a_y - wz _lz —0.25 ms™!
dt 4x10 4

Hence, the correct answer is (D).

Displacement and velocity of particle is vector sum of dis-

placements and velocity due to individual pulses.

So, displacement at x =8 cm and t = 6 sec is
y=5mm-5mm=0

Hence, the correct answer is (D).

Velocity at x =8 cm and t =6 sec is
v=-0.25+0.125

0=-0.125 ms™
Hence, the correct answer is (B).

2r
Wavelength of incident wave = —
a

Hence, the correct answer is (C).
. b

Frequency of incident wave = P

bis

Hence, the correct answer is (B).

Intensity of reflected wave has become 0.64 times. But since
I = A” amplitude of reflected wave will become 0.8 times. a
and b will remain as it is. But direction of velocity of wave
will become opposite. Further there will be a phase change
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35.

36.

37.

38.

39.

40.

41.

of &, as it is reflected by an obstacle (denser medium).
Therefore, equation of reflected wave would be

y, =0.8Acos[ax bt + 7| = —0.8 Acos(ax - bt )
Hence, the correct answer is (C).
The equation of resultant wave will be,

y=y;+y, = Acos(ax+bt)-0.8Acos(ax-bt)
Particle velocity

v, = % = —Absin(ax + bt ) — 0.8 Absin (ax —bt)

Maximum particle speed can be 1.8Ab, where,
sin(ax+bt)=+1and sin(ax-bt)==11

and minimum particle speed can be zero, where
sin(ax + bt ) and sin(ax - bt ) both and zero

Hence, the correct answer is (D).

Since, there is no relative motion along y-axis, so we have

fappzfﬂ(vas}

310
= =960 ———
Jope ( 310+10

Hence, the correct answer is (B).

)=930Hz

Throughout the apparent frequency will remain same.
Hence, the correct answer is (D).

Both the source and detector fall simultaneously on ground
and relative velocity exists only along the horizontal.
Hence, the correct answer is (A).

Since, (x —ot) is a pulse travelling in +ve x-direction, so v,
is along +x-axis.

Similarly, (x+ot)isa pulse travelling in —ve x direction, so
¥, is along —x axis.

Hence, the correct answer is (C).
Two waves cancel when
|v1|=1v2|

5 _ +5
(Bx—4t) +2 (Bx+4t-6)"+2

= (Bx-4t)P+2=(3x+4t-6) +2
= 3x-4t=3x+4t-6
= 6=8t

_6_3

= t=—===075s
8 4

Hence, the correct answer is (D).

Att=0

42,

43.

44.

45.

46.

47,
48,
49,

Hints and Explanations

, we have

For, ] = [y
1 1
9x2+2 93 +36-36x+2
= 9x’+2=9x"+36-36x+2
= 36(x-1)=0

= x=1m
Hence, the correct answer is (D).

B
v=|—

p
= poP=
= p—E

UZ

But from the given equation, we have
@ =6000r and k =157

= v:%:tl[)(] ms”

1.6x10°
= = 3
(400)
= p=1 kgm_3

Hence, the correct answer is (A).

25 2x(24n)

= =1.447"
2pv  2x1x400

I, =2I=

Hence, the correct answer is (B).

For wave in string

[ = A%0?
LA r(ay7 =16
I, A%“%

Hence, the correct answer is (C).
Assuming phase at x =0 to be zero
Phase of point P on string 1 is g

Phase of point P’ on string 2 is 7

T m
So, phase difference = 7 — 373

Hence, the correct answer is (A).

Phase of particle at x = 20 cm on string 1= 27
Phase of particle at x =20 cm on string 2=7

So, phase difference =2r - =n
Hence, the correct answer is (D).

The cotrect answer is (A).
The correct answer is (B).

The correct answer is (C).
Combined solution to 47, 48 and 49

Since, pt, =4y, and v = F
U

Y
= v,=—
2

CHAPTER 4
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50.

51.

52.

53.

Also, k= @
v
= k2 = 2.’(1
Also, A, = ( %2=% }A,-
Uy +Ul

Ap_( 20, JA,-
U?_+Ul

Hence, the correct answer is (B).
y(x=0, t)=8sin(4t)= Asin(wt)
y(x,t)= Asin(@t - kx)

m:kv:(z—ﬂ)v
A
T 1
Since, v= [— = /—:xfgms'l
u 0.2
o 4
= k=—=—m
v 5

4
= x,t)=8sin| 4t ——x
Hence, the correct answer is (B).
Average power is given by
1
P,= 2 oA

= P@=%(D.2)\/§(4)2(0.08)2
= P,=01x/5x16x64x107
= P,=0.02watt

Hence, the correct answer is (A).

Power transferred to bath is

P’ =50%of P,, = % =0.01W

Since, dQ = medT

= @ = mc(d—T) = mc( £): 0.01
dt dt At

mcAT
= At=
0.01
o - (1)(1)(4200)(1)
0.01

= At=42x10"s

Hence, the correct answer is (A).

Given: v, =, =40 kmh ™" and

v=1200 kmh ™" = Speed of sound

Hill

o } Frequency observed by observer
=Y
k . v+1,
/ _f[v+vw—vs]

Substituting the values, we have

fe 580( 1200 + 40
1200 + 40 — 40

Hence, the correct answer is (B).

) =599.33 Hz

54, Let x be the distance of the source from the hill at which
echo is heard of the sound which was produced when
source was at a distance 1 km from the hill. Then, time taken
by the source to reach from s to s’ = time taken by the sound
to reach from s to hill and then from hill to s”. Thus,

s s
*r—r *—

— X —p

1km
1-x _ 1 N X
40  1200+40 1200-40
Solving this equation, we get
x=0.935 km
Hence, the correct answer is (A).

55.

Vi

— Vg, V| Vgye——

Hill
Frequency heard by the driver of the reflected wave

fr=f V=Vt |_ sgy 1200 - 40+ 40
V-0, - U 1200 -40-40
f"=62143 Hz

Hence, the correct answer is (D).

Matrix Match/Column Match Type Questions
1. A=(@pr1);,B=(qs);,C=(q1);D—=(ps)
For the incident wave in (A), two cases arise
v = Asin(kx - wt)
For reflection at flexible support,
y, = Asin(kx + ot )
= y=y;+y, =2Asin(kx)cos(wt)
y; = Asin(kx - ot)
For reflection at rigid support,
y, =—Asin(kx + ot)
= y=y;+y, =2Acos(kx)sin(wt)
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For the incident wave in (B), two cases arise
y; = Acos(kx - ot)
For reflection at flexible support,
y, = Acos(kx + ot)
= y=y;+y, =2Acos(kx)cos(wt)
y; = Acos(kx - wt)
For reflection at rigid support,
Y, =—Acos(kx +ot)
= y=y;+y, =2Asin(kx)sin(wt)

When, x=0 is the rigid support then nodes are formed at
x =0 and at the nodes, y = 0.
This is satisfied by the equations

y=2Asin(kx)cos(t) and y =2Asin(kx)sin(wt)

When, x=0 is the flexible support then antinodes are
formed at x = 0 and at the antinodes, y =+A
This is satisfied by the equations

y=2Acos(kx)sin(et) and y =2Acos(kx)cos(wt)
A= @);B-(p)C=(q;D—(s)
y = Asin(ot —kx)

= w=10rads™, k=5m™

Since, k=5
2

= —=5
A

= A=04r

v,,zg—lizAmcos(mt—kx)
= (vp),, =A0=Avk
= (vp),,, =(002)(5)(2)=02 ms™

A=(s);B-o(E;C—-(q:;D—()

As discussed, third overtone frequency of closed pipe
means seventh harmonic, which is 7 times the fundamental
frequency. So, x=7.

The second overtone, as shown, corresponds to fifth
harmonic and has 3 Nodes and 3 Antinodes

p'S

Z2 > Z2 > =2

Similarly, the third overtone has 4 Nodes and 4 Antinodes.

Hints and Explanations H.271

H (o)
1 X
3 1
5 2
7 B
9 4
n n-1
2
(2n+1) n

A= (1), B=(p)C—(p):D—(p)

Frequency is the property of source. It remains unchanged.

In rarer medium, speed of wave is more.

Since, v, > 7
= A>A

A= (1);B=(),C—=(s)D—-(q
OPTION (A)

Att= g, we have

y= Acoskxcos(z?n X g] =—Acoskx

Hence plot is (r)

OPTION (B)
dy )
== —Awcos(kx)sin(ot)

Att= E, vp = —Amcos(kx)sin[ g]: —Awcos(kx)

Hence plot is (r)
OPTION (Q)

AP=-B g—y, where B is the Bulks Modulus. So,
x

AP = +BkAsin(kx)cos(wt)

Att=0, AP = +BkAsin(kx)

Hence plot is (s)

OPTION (D)

Pressure at any point is P = [, =+ AP

Since, AP = (BAk)sin (kx)

PM
Also, densi =—
yP=27

M
= p:E(POiAP)

CHAPTER 4




8.

= p=p;+Ap, where Ap:%

M
= =p, £ —AP
P=P RT
Now AP = BkAsin (kx)cos(et)

Att:;we have
AP = —-BAksin (kx)
= p=pt ﬂ[—(BAk)s‘-in(!’oc)]
RT

= p=pt Pﬁ[—sin(kx)] where pj = BAk
Hence plot is (q)

A= (@);B->(p;C—o(q:D-(r)

1 2.
u==pu-A
2P

o depends on source, which is same for both, so
w_p (A 2_(1)(1)‘""_1
i, P \ 4 402 16

1
P= EpmzAzsv =SV

= Pocuv

1
Since, v < —
T

My =44y

I, P 1
e _——=—= -
I, P, 8

A=(q;B->();C—(s);D-(t)

k:z—n:Zfra
A

ICON

H.272 )EE Advanced Physics: Waves and Thermodynamics

10.

11.

12.

2 1 n
Aqﬁ—?Af—(Zn‘b)(g)—z

A=);B—o(p1);,C=(qr);D=(p1s)
Conceptual

A= (q;B=(1);C—>(q;D—=(s)

. /3RT
Since, v =, |——
M

Change in pressure has no effect on speed of sound, where as

veT {_\j%}

A—=(;B=(q;C—=(1);D—(p)
y=2Asin(kx)cos(wt)

= 2A=006

= A=003m

Atnodes, y=0

= sin(27x)=0

= x=05m

At antinodes, y = maximum

= sin(27x)=1

= x=025m

lv|=

2Asin(2ﬁxé)‘
4
= |y =|Vmax|=0.06 m

A=(piB=(@ErC—o{sD—=(n)

For closed pipe, 100 = 4%
=230 s
400 400

For open pipe, 200 = 2
20,

fy=——=0825m
400

Different frequencies of closed pipes will be 100 Hz, 300 Hz,
500 Hz, etc., and different frequencies of open pipe are
200 Hz, 400 Hz, 600 Hz etc. i.e., none of them matches with
each other.

So, the asked ratio is 600 =2
300
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Integer/Numerical Answer Type Questions

1. Letthe velocity of truck at T when it blows the whistle be v,.
Then

c
T \z? = i
ANET
\\ 1
M
L]
Man
v
600=[—]500 (1)
v—7v,cosf
During this time, speed of truck gets doubled, so
2v, =v, +at
= v, =at ..(2)
/
Now, vt =AM =—— . (3)
sinf
Also, AB:ECOtB:USH%afZ (4
@ =a? + latz = Em‘2
sin@ 2 2

ﬁcos&_ga( 4 )2
sinf 2 \ vsin@

1 2
a—=(—sin8cose)v
v 3

From Equation (1), we get

6 u B v {"t* 4 }
5_U—ﬂfC059_U_£L£(COSB) " vsing
sinf

6 v

s1n8c056)(':(_)—56)v
sin@

wl
M\’—‘f—\
UJlI\J

2. Let the frequency of the tuning fork be f Hz. Let the fre-
quency of the note from the open organ pipe at 20 °C and
30 °C be f, and f, respectively.

At 20 °C unison takes place. So,

f=h (1)
At 30 °C, 5 beats per second are produced. So,

fa=f=5 +(2)
Since f e \T

fi_ [h_ \/@
A \/; =303 0.983 ..(3)

Solving above three equations (1), (2) and (3), we get
f=296.2 Hz = 296 Hz

3. Frequency of sound reflected by the car is
v+,
f- [ }fo

Since v, <

> (-2 ()

Hints and Explanations H.273

12 -
Difference | Av, | = 00 ? ms™'

1.2 0 1
= |Av|= %3018 7 kmh!
100 2 5
After 5 seconds the observer will move a distance of 50 m

while the source moves a distance of 25 m.

y
A
SO = (757 + (50)2 <
e 75 m— =90.14m o
S v . ‘.-'_-‘
% r' Y
\\\\ ,8 ;Vo 50 m <
(no l 5
The apparent frequency is given by
v+7,cosf
V-7, CoS
330 +10x
= f'=(1000)] —20.14
330-5x 75
90.14
= f'=1030Hz

Since,y:Asinzf(vt—x)
v oo (t x)

= —=sin2x| ———
A T A

Y t x
In the first case, LIy sinZﬂ'( —— —‘)
A T 4

where, y; =46, A=8, x, =10 cm

6 t 10
= —=sin2x| —-— (1
8 sin (T ,‘t) D
Similarly, in the second case, we get
4 t 25)
— = 27| ——— (2

From Equation (1), we get

2;:(1—9):511{1(9):0.85 rad
T A 8

t 10
— =014 ...(3
T2 ©)

Similarly, from Equation (2), we get

ZE(L—§)=SiH_1(E]=£ rad
T A 8) 6

t 25
—-=-=0.08 (4
T~ (4)
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Subtracting Equation (4) from Equation (3), we get

15
—=0.06
A

= A=250cm
When incident wave and reflected wave superimpose to

produce stationary wave, the ratio of amplitudes at anti-
node and at node is given by,

Amax_Af+Ar_§
Amin A:'_Ar 2
A1
= —L==
A 5
Since, [ < A®
L_(AY_1
I, |4 ) 25
= 1. =0.04I;

Hence, 4% of the incident energy is reflected i.e., 96% energy
passes across the obstacle.

If speed of astronaut is v, then apparent frequency of the
echo received is

fref(£2)

c—=7

- o)

Since v < ¢, so we get

p=r{1+2)
= pop=2
- ”zCw'=(SX108)(103)=30ms-"
2f  2(5x10°)
Since,fcc%
o L h
= f-’f(%)h{%)(%):ﬁmm

Thus, the string should be pressed at 60 cm from one end.

The problem can be represented in pictorial form as shown
in figure.

This can also be seen as if A, is stationary and A, rotat-
ing with angular speed (@, -, ), so that phase difference
between them at time £ is

10.

11.

12

Now, it is given that the detector can detect signals only
when resultant intensity >2I, or resultant amplitude

>\/2A,, because I == A%. We can see that resultant amplitude
is less than ﬁAU from ¢ = g to %ﬁ i.e., for each half cycle.

Hence, required time for which the detector remains idle is

T (1/10° ,
f=2=(-)=5><10“1 s=500 s

Difference in sound level is L, - I, given by

I r 1
= AL—lOlogm(I—zJ—lﬂlogm(r%] ['.'Ioc—z}
1 2 r
2
I r; 1
S 2| d) = =2
ince L (er 1 {n=2n}

= |AL| =‘1010gm(%)‘=6d}3

(a) The given condition is possible only when
sin(kx) = cos(kx)

= kx= T
4
Since, A(x)= Asinkx

AW 3
“sinlkx) 1'\/5 B

(b) Since, kx = g

IG5

= A=80cm

6 mm

= £:40cm
2

/
So, number of loops is p = E =6

i.e., the string is vibrating in its fifth overtone mode.

Speed of a transverse wave on a wire is given by

v= T (D)
J7i
Differentiating with respect to tension, we have
dv 1
—=— (2
dT  2JuT @
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Dividing Equation (2) by Equation (1), we get
do_1dT
v 2T

= dT:(ZT}@
[

Substituting the values, we get

T = (2)(50)(312-300) —4N
300

So, tension must be increased by 4 N

13. (a) Assume that the pulse which is emitted when the
source is at §, reaches the observer O in the same time
in which the source reaches from S to S’, then

§ ve=08v g
W
i
v 1
1
1
1
0]
58’ ot o
6= = ===08
€08 SO o v
Since, f ( }
v —0v,cos8
v
= f'=[—————|(900)
f (v—(D.Sv)(D.S)]
'= 900)=2500 H
=/ (]—0.64)( ) z

(b) The observer will observe no change in the frequency
when the source is at S as shown in figure. In the time
when the wave pulse reaches from S to O, the source
will reach from S to §”. Hence

;50 _55
v

= S =[%]so =(0.8)(250)=200 m

s v,=08v g

250 m

Therefore, distance of observer from source at this
instant is

§'0=+(50)* +(55)?

= §0=+(250)*+(200)" =320 m

14. (a) Intensity due to a point source varies with distance r

2
1"1'0rrutas.lvcl So, L =4

2
r? 11 1

15.

16.

17.

18.

Hints and Explanations H.275
I 2
= L-L= 1010g10( ) 10|og[%]
h
Since L; =30 dB, 7, =20 mand r, =10 m, so
20\
L, -30=10log 0 =10logy,(4)=6
= L,=36dB
I 2
(b) Since, L, - Ll-ll)logm( ] 1010510( J
1 2
Sound is not heard at a point where L, =0
2
= 30-0:101ogm[%J <
)
" T
= (2] =1000 -
n m
> 2-3162 g
n I
- 1,=(31.62)(20)=632m v
w=2nf =2r(125) =785 rads ™’
4N
00625kgm
= P=lpeton?
2#
1 2 32
= P=_x00625x785 x28%(9%107)
= P=437W
JT/
Since,l—ﬂ——”u { v= Z}
o f u
= AT
- A’Top _ TTop
‘"I'Bottom TBottom
= Apgp =(006),%72 2012 m=12cm
. A
Smce,5=(85—60)=25cm

= A=50cm=05cm
= 0= fA=(500)(0.5)=2350 ms™

. . .. T
VelDClty of transverse wave in a stringisv=_[—
u

where, T = mg =150 N and

-2
M— 3><10 =15x107? kgm

\f V151072 5><10‘2 =100 ms™
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2r 4
19. Since, f=— |- L gl 4
20\ u A0
1
= fo=
I~ XA
= fiifoifs=1:2:3 ‘ (=22 >
111
lyilyily==t—1==6:3:2
= hififEgigipTes Since,v:%
6
= = = ﬂ
(=01 5 =05 m=s0em L g (20)(800)(1)
(4m)
fz—(1.1}[ 5 ]:o.amzsocm = [=1m
6+3+2 A 01
2 23. Since, strain=—= =107
and 43=(1.1)( ]=0.2m=20cm ¢ 100
6+3+2 So, tension in the wire is
Therefore, one bridge should be placed at 60 cm from one 3
end and the other should be placed at 20 cm from the other T'=Y(strain)(5)=107YS
end.
Sm(:e,f—— \/7 \/7 107y
20. Mass of string is m = pif ' uo20\pS 2
3 10
| —ore [ L op L (10°)(20x 10 )=79HZ
| X I 2x1 8000
x=0 x=L 24. Third overtone of closed organ pipe means seventh har-
b /2 d . .
monic. Given that
Since, % =/ (f7 )Llsocd (f4 )opm
= A=2 - 7 Y |o4l ©
2r =m 47, 2¢,
= k=7 0, 7
A 4 = L=_
Now, A(x)= Asin(kx) by 8
= dE:%(ydx)m2Azsin2kx = ﬁﬂzgffzg(7cm)=8cm

YRRV 5
= dE-4(g1mA )(1- cos(2kx))dx %. () v ( !14;1:;0 314 me-!

n 242 sin2ky [
= E:JdE:‘um [x—sm )

1.7x10° .
Ly =972 ms™
A 0 Ve = 0.18 ms

4 2
pao'A®  mo’A Lo
1 4 26. Given that —=—,sowehave L= 1
4 4

T , L
21. Since,v= [—v =40 ms™
u

w=2xf =377 rads™

D:J

"D

= E=

"y
v

il

A4

1 59
d P ==puw A =512 watt
an 2 Ho" Ao =512 wa In the next higher mode there will be total 6 loops and the

22. Four antinodes means four loops, so / = 21 desired frequency is (g)(lOO )=300 Hz

Y

/
= —
2
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1T
1. Since, f=— |-
ince, f 2[\/;

For identical strings, | and y will be same

foeT

o, H0_ Ik
300 \T,

S K9 50
T, 4

Hence, the correct answer is (C).
2. Given that, p,,;,. =9x107 kgem™ =9000 kgm™
Al/l=49x107, Y =9%10" Nm™

For lowest frequency, L=1m = %

= A=2m

T
= |—= A ...1
= v /# f 1)

If A be the cross-sectional area of the wire, then

u=2P_ 4pand y=T4
! I e
= T=YA(A)
YA(AIT) ,
——L=(2)f {from equation (1))
Ap
Y (Al 105 49%10™
ol ( .):1J9x10 x49x107 _ oo
2 p 2 9000

Hence, the correct answer is 35.
3. Sincevecdie., T/l
T

(12 m, 6 kg)

t=6cem{ T,
2kg

Now, T, =8¢ and T, =2¢

= 12=11J;—72=,11\/%=(6)(2}=12cm
1

Hence, the correct answer is (B).
4. The separation between two crests is
nl.;l. = 5
and separation between crest and a trough is
A
(2n, + 1)5 =15

where, 11, and 1, are positive integers.

L L5 (21, +1)
5 2m

= m= g(f«.‘nz +1)
For n; and n, both to be integers, we must have
2m,+1=3,9,15,21, ...
because then only we get, 1, =5, 15, 25, 35, ...
So == g L1
o 2n,+1 35
Hence, the correct answer is (D).

A=2(L,-1,)=2(245-17)=2(75)=15cm

Also,v=f4
= 330=Ax15x1072
J.:@XIOO:M=ZZDO Hz
15 5
Hence, the correct answer is (C).
Since, Ap = BAk = Bsk {+A=s}
= e ll(?) o ]
v p
Ap 10 3
= s=——=— m=-——mm

= = m=-—m
pow  1x300x1000 30 100
Hence, the correct answer is (B).

Frequency heard by wall is

fl_f( ? } (1)

v-10,

If f, be the frequency heard by driver after sound is reflected
from the wall, then

—_—
ey
f2_f1(v+vc)_f[v+vcl L
v '(J'—U‘C
From equations (1) and (2), we get
hH_ 48 v+,
f _44_:0—7)(

= 12(v+v,)=11(v-v,)
= 23v.=v
v 345
UL‘ = e— I —
23 23
Hence, the correct answer is (D).

= 15 ms ' =54 kmh!

Let x be the distance travelled by the wave when it reaches
the respective point.
For waves arriving at A from P and Q, phase difference is

2
Agy =(¢P —¢Q)+7n(xp _IQ)

CHAPTER 4
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11.
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When the waves reach A, then Q is ahead of P in terms of
path because wave emitted by Q reaches A before the wave
emitted by P and also phase of P is ahead that of Q by 90°,
so we have

¢1:—¢Q=+gandxp—xQ=—5rn
T 2«
= Afy=+—+-—(-5)=0
on=t3% 50
Since, Iy = I, + I, + 2\/I;1; cos A
= I,=I1+I1+2lcos(0°)=4I

For waves arriving at C from P and Q, phase difference is
2n
Ade = (9p = g )+7(xp -xg)

When the waves reach C, then P is ahead of () in terms of
path, because wave emitted by P reaches C before the wave
emitted by Q and also phase of P is ahead that of Q by 907,
so we have

¢P—¢Q:+g and xp —xop=+5m

n 2
= Age=+—+—(+5)=x
fe=*3 20( )

= I.=I+I1+2Icos(n)=0
For waves arriving at B from P and Q, phase difference is

Aoy =(¢P_¢'Q)+27E(x1=_x(g)

When the waves reach B, then P and () have same path and
phase of P is ahead that of Q by 90°, so we have

¢P—¢Q=+gandxp—xg=0
T T
= Afdy=+—+0=—
s ’ )
= Ip=1+1+2lcos(n/2)=2I
Hence, I, :I3:1-=41:21:0=2:1:0

Hence, the correct answer is (D).

) v
Since, V' = V[Lﬂd}
Vgound — VOSSO

Initially & will be less, so cos@ is more. Hence V' is more and
then decreases.
Hence, the correct answer is (D).

Since, v = F
u

QO_JYA(M,"P)_\/16><10“><104’><M

m/f 6x107

_8100x3

Af x107¥ =0.03 mm

Hence, the correct answer is (C).

. o [ d -~ v
Sll"lCe, vapprtmch - Vo and Viecede = Vo
[ US U+ Us

12

13.

14.

15.

Given that beat frequency is Av=v; —v, =2 bps

1 1
= A=V Ve =Vo| —— - [V

2uv, ]
Vo

72

0 -0

Since, v, < v, 50 Av = 2(

= Av:[

0

B
—
=
1l
3}

v

= 2( s )1400:2
350
I
= v,=—ms
4

Hence, the correct answer is (D).

P
Since, v, = /L
P
o e [Pair
Vair pgas

L T 1
300 2
300 }
= Ugas 252150\/5 ms 1
Upas 15042
gﬂb
fr=h 20 2(1) V2 H

Hence, the correct answer is 106.

Velocity of transverse wave v o< /T

v'_v,'z_\/F
v v VT

_T _206x10*

T =515x10° N

Hence, the correct answer is (B).

Let amplitude of each wave be A, then resultant wave equa-
tion is given by

x= Asincot+Asin( ot —g]+Asin(a)t + g)

= x= Asinmt+\/§Ash1mt=(\/5+])Asinmf
Resultant wave amplitude is R = (\/E + l)A

SincelocAz, sofi (\/EJr])z

0

= 1=58I,
Hence, the correct answer is (A).
Given that % =420 (1)
1
and D7 490 )
2/
From equation (1) and (2), we get
n 6
n+l 7

= 7n=6n+6
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16.

17.

18.

19.

20.

= n=6

Substituting in (1), we get

3—70 where v = Z
21

540
140\ 6x10°

\}90X10

T 140

T140

(= 300 =2142m
140

21.

Hence, the correct answer is (D).

Since fzn[%\/%}wherepz,cm:mzp

n
= fe—
v
Since frequency is same so, we have
F_4q

L]

g n 2
Hence, the correct answer is (B).
@ 1000 1
=—=—1mS5
k 3
Since v o< /T
do_1dT
8x3__1 41
3x1000 2 273

ar = Z2X2X8 _ 36
1000

Hence, the correct answer is (A).

Since k=0.157 = 2% |

a= _4om T
0157

In fourth harmonic show in Figure, we have

L:%:l&:SOm

Hence, the correct answer is (D).

-«

Vs“—‘B

w221

2000_@f

Ae—V

v—-20 )
v-(-20)

24,

2000x9 — 2950 Hz

f =
Hence, the correct answer is (D).

For third harmonic, we have

SA_L ’
2

0 2T 22,

| 23.
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= i:ém
3

= v=fl=%><240= 320 ms™
Also, for third harmonic f; = nf;

240
= f] f3

—=80Hz
3
Hence, the correct answer is (B).

Frequency of source is f =500 Hz
When observer is moving away from the source with speed
v, then apparent frequency is

V-0

frr_\cr_\de = fl 480 = f( ! ) (l) q
300 - [

= 480=500 71)
( 300 2]
= 7 =12 ms' E
When observer is moving towards the source with speed v,, [~
then apparent frequency is T
v+0 @)

fapprmch - fZ =530 = f( s ] (2)
= 530= 500( 0+, )
300

= v,=18ms™
Hence, the correct answer is (D).
Beat frequency f, =|f, - f,|=11-9=2Hz

Hence, beat time i.e., time interval between two consecutive
maxima or minima is

b1l
" f 2
Hence, the correct answer is (A).

. v-0 350
Since, fypproacn = 1000 = f( — )— f( 350 _50)
= 1000=f( 350 -0 )

350-50

= f= 1000( 300 ) Hz
350
On receding from the listener, we have

ﬁfmd“:f[z:zi]zf( 3535:]50]=f(%)

300'\( 350
- f‘“““_looo( 350 )( 400] 750 Hz

Hence, the correct answer is (D).

Let v, be the frequency received by A, then

N (1500 5) V(1495)
b 1500-7.5 14925

Frequency received by B is

047, ( 1495 ]( 1507.5)
Vo=V =V
v+0g 1492.5 J\ 1505
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= v,=v=502Hz From Doppler’s effect of sound, we get
Hence, the correct answer is (D). [ 330 + 50 ]
. 18 |
25. Since, y = Asin(kx - ot +¢) =1 330 066 Tz

Att=0 and x =0, we observe that y=0. So, particle is at Hence, the correct answer is (D).

mean position and will proceed in positive y direction. . 340 340
) 31. Since, fi=f fa=f
Hence, the correct answer is (A). 340-34 340-17

fi 340-17 19
f, 340-34 18

1
26. Since, 120 = 10log;, ( W]

_inl2 Hence, the correct answer is (D).
= 102 =10
32. Si r §x1 40
= -2 . oInce, 0= |— =, [———==
2
= 4
e - 12222 oum
f 100
2 . . . A
- r= ’_ m=0399 m =40 cm Separation between successive nodes is 5
4r

= A=02m=20cm

Hence, the correct answer is (D).

33. Since, v = %: % =50 ms™

Hence, the correct answer is (B).

27. From Figure, we get

() (2

v T
| = ov=50=|—
2u V, | ¥ u
= h-fA=|—|f ;
[ [P — -6—.—I ———— 3
S L: u S, = T=2500x5x10"=125N
- 10= ( 2u ]660 ' Hence, the correct answer is (D).
330
| 3. i Icosec(60°) _ Icot(60°)
= u=25 ms_l ’ mee, v - v

Hence, the correct answer is (C).

v

p
28. Since, £, =30 ¢cm, /, =70 cm 60? !
I

A N, 1/
= E=([7_—f1)=4ocm \\\ :
\\‘I
= A=80cm ’
= ©v=f1=(480)(0.8)=384 ms™ .
Hence, the correct answer is (B). = B3
( Hence, the correct answer is (C).
29. Since, v= F: m
“ H 35. Since, y(x, t)=10"sin(50¢ + 2x)
|i 2 2
Also, v" = Mg TR = U=Q=@=25ms.'1
! ﬂ k 2
Also, wave is travelling along negative x direction.
’ (02 4 22 Hence, the correct answer is (A).
+ 7
¢ 8 36. Since, =1y +11and 2 =1y +27
- 2=183ms?2=¢ _
5 = bt _ 16 cm
Hence, the correct answer is (B).
30. For second harmonic, we have = U( 11 ) =064 m
256 512

A=L=050m
= ©v=(512)(0.64) =328 ms™

v
= f= 1° 330x 2= 660 Hz Hence, the correct answer is (C).
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: Y  (9.27x10"
37. Velocity of wave, v= |—=,—————
P 2.7 x10°

= 0=+v3433x107 =10°/34.33 = 5.86 x 10° ms™!

Since rod is clamped at the middle, shape of fundamental
wave is shown in Figure.

e N -

A 60
—:L:—m
2 100

= A=12m

=

So fundamental frequency is given by

Fo2o 5.86x10°
A 12

Hence, the correct answer is (A).

=488x10° Hz=5kHz

38. Frequency of organ pipe will either be 257 Hz or 255 Hz.
If frequency of tuning fork is 257 Hz, then

257 = £
2/

X - 198 m=198 cm
2% 257 3
When frequency of tuning fork is 255 Hz, then

25520
27

g 3%340

- 2x255

So, length of pipe should be 200 cm

i

m=2m=200cm

Hence, the correct answer is (C).

39. Frequency of a sonometer wire is f = % !

1
= fDCE

Given that, L = 1100

f 095 95
and f; - f,=10Hz (2
From equations (1) and (2), we get
f1=200 Hz, f, =190 Hz
So, frequency of tuning fork is
f=f-5=f,+5=195Hz

Hence, the correct answer is (C).

(1)

40. Frequency of sitar string B is either 420 Hz or 430 Hz. As
tension in string B is increased, its frequency will increase.
If the frequency is 430 Hz, then beat frequency will increase
and if the frequency is 420 Hz, then beat frequency will
decrease. Hence correct frequency is 420 Hz.
Hence, the correct answer is (C).

41.

] 42,

p Iy

45,

Hints and Explanations H.281

Giventhate=1cm

. A
For first resonance, Z =(,+e=11cm

34
For second resonance, run ly+e

= (,=(3)(11)-1=32¢cm
Hence, the correct answer is (D).

The fundamental frequency in a stretched string is

2L\ u

where, n is number of antinodes (or number of loops), u is
the mass per unit length.

At the midpoint O of the two bridges, the node of stationary
wave lies, hence length of two wiresareequal,ie., [, =L, = L.
Also, frequency remains same for both wires, ie., f; = f,

m T ny T
= 57 7 oy 2

2L\ wrpy 2L\ 7rop,
o M

Vo b2
. ﬂz\ﬁz [ _1
n, \pr \4p 2

Hence, the correct answer is (B).

CHAPTER 4

{ Py = 4P1}

. Given, y(x, t)= D.5(%x)sincos(200m)

Comparing, this equation with standard equation of stand-
ing wave i.e., y(x, t)=2asinkxcos wf, we get

5 .
k= I}r radm ™ and @ = 2007 rads™

So, speed of the travelling wave is
@ 2007
P=—=—

k  5m/4

Hence, the correct answer is (B).

=160 ms™

Velocity at point P is

T _ |(ux)g
= |—= |——= X
I
dx

= —=Jex

a8

20 i t

X

= |—== dt

J-Je

0 0
= t=2y2 sec
Hence, the correct answer is (D).
Giventhat, f .. =f= 2

’ OP(‘]‘I 2L

When pipe is half dipped in water, then

[ (4
ffzfclosudz_’z

oA

Hence, the correct answer is (A).
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Frequency heard by the driver of second engine

v+v
i)
v-Tg
> f= 540( 330+ 30 ) 540( 360 ) 648 Hz
330-30 300
Hence, the correct answer is (D).
Given that f, — f, =5 bps (1)

Apparent frequency heard by the observer directly is

ﬁ=f[vas)=f(343:?5)=f[§§;]

Apparent frequency heard by the observer after sound gets
reflected from the wall is

ERVESNE

Substituting in equation (1), we get
EEE
Nz 3 )”
_ 5x335x 345
/= 3m0x10
Hence, the correct answer is (D).

. v [
Since, fappmach = f( ) and foceqe = f( )
v -0 v+7,

2uv 20
= Af= fapproach Jrecede = [ﬁ}f = ( _S]f

5 [

=169.96 Hz =170 Hz

= A—fx100%=(2><20
[; 320

)x 100% =12.5%

Hence, the correct answer is (B).

Apparent frequency heard by bat is

fr=f U+ Vpy 8000(320+1D]
U — Upat 320-10

£r= 30 8000 = 8516 1z
310

Hence, the correct answer is (B).

For the given situation, frequency heard by observer is
given by

Ve Vo
— - -~
S 0
[ fov_ . _fo%
f_fu(v—v J_ o0, -
] ] s
Comparing this equation with the equation of a straight line
ie., y = mx+c, we observe that slope of graph is 7 = fo
-0

s
Hence, the correct answer is (A).

Since pipe is closed from one end, so it behaves like a closed
organ pipe in which frequencies are given by

f=(n- 1)(4L) where n=1,2,3,4, .

52.

53.

54,

55.

According to question, f <1250 Hz

= (2n- 1)(4L)<1250

= (2 -1)( 340
4%0.85

= (2n-1)<125

Hence possible value of 1 are

n=1,2,3,4,506

So, number of possible natural frequencies that lie below

1250 Hz is 6.

Hence, the correct answer is (D).

Since, f = 1 Z _ 1 | Stress o
oL 2L Density

) <1250

Also, Y = Stress | i.e., Stress = Y (Strain)
Strain
Therefore, equation (1) becomes
;e Y (Strain)
2L Density
fol (22x10"™)(1/100)
2(15) 7.7%10°
1210 - 1000 f
—.|= — =178.2 Hz
f= 3 7
Hence, the correct answer is (B).
leen J'(I f) m’ 24’ +2\.ab\'!‘)
2
= ()=o) ()

Comparing equation (1) with standard equation i.e.
y(x,t)=f(ax+bt)
Since there is positive sign between x and t terms, so wave

travels along —x direction such that wave speed is

b

a

| Coefficient of t |
" | Coefficient of x|

Hence, the correct answer is (B).

Wave velocity, v = o 2/0.04 ms™
k  2m/0.5

Also v = \/f , where T is the tension in the string and 1 is
u

the linear mass density given by y=0.04 kgm_l

® T
= p=—= |—
k \u
ﬂ)
= T= Jukz = uo?
T =0.04 2/0.04 ) 625N
27/0.5

Hence, the correct answer is (A).

The number of beats produced per second is
-(v-1)|=

Hence, the correct answer is (C).

Av=[(v+1)
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56. Since source is at rest and observer is moving away from
source, so

EWES
= (J;)U=U—UL
-
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= 330(1-094)=0,
= v, =330%0.06=19.80 ms™

v -0*  (19.80)
2 2%2

2
5= :981’1‘1

Hence, the correct answer is (B).

Single Correct Choice Type Problems
1. Since, A=4(L+e)

= L:i—e
4

= L= %—0.3&!‘: 152 cm
Hence, the correct answer is (B).

2. For hollow pipe, fundamental frequency is

) 320
f'ﬂ_zlxo.s

For string in 2™ harmonic

ffl [1\/@i/50x0.5
. ,u_f m 05 m

Equating, we get
m=001kg=10g
Hence, the correct answer is (B).

3. v=10cms™

A=05m
A=10cm=0.1m
From the figure, we observe that the equation of the wave
must be
y = Asin(kx - ot) (1)
wherek:z—ﬂ::z—ﬂ:ztlﬂ:n'f1
A 05
@
Since, v = —
ince, v .
= w=vk

= m:(ﬂ)(zlrr) =047 rads™!

100
So, equation (1) becomes
y=0.1sin(4mx - 0.47t) ] .2)
Now o, =%{:(0.1)(0.4n)cos(4ﬂx_o.4m) .0

Further, velocity at point P at displacement y=5cm is
calculated first by substituting y = % m in equation (2). So
0.05=0.1sin(4mx - 0.4xt)

= 4irx—0.4frt=% ()

= Uf,=(0.1)(0.42‘r)cos(§]
\/5 4%\6 ﬂ.'\/g -1
)— = =" ms
2 200 50
Hence, the correct answer is (C).

= 1,=(01)(04rx

With increase in tension, frequency of vibrating string will
increase. Since number of beats are decreasing. Therefore,
frequency of vibrating string or third harmonic frequency of
closed pipe should be less than the frequency of tuning fork
by 4, so we have frequency of tuning fork () given by

n=fy+4

= n=3[£]+4=3( 340 )+4=344Hz
4l 4x0.75

Hence, the correct answer is (A).

Since, f ocvoc\T

Given that, f,3 =2f-p

= Tu=4Tp -(1)
Further ¥, T,= 0

CHAPTER 4

= TAB(I)=TCD([—X)
= dx=l-x
)

= xr=-—
5

Hence, the correct answer is (A).

{ T =4T-p }

Given, % =(632-30.7) cm
= 2=065m
So, the speed of sound observed is
vy = fA=512x0.65=332.8 ms™’
Error in calculating velocity of sound is Av=2.8 ms™

= Av=280 cms™
Hence, the correct answer is (D).
12" harmonic of open pipe}

v
f1=?

r-i()

Here, nisodd and f, > f;

{n" harmonic of closed pipe}

It is possible when # = 5 because with n =5
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R

Hence, the correct answer is (C).

The frequency is a characteristic of source. It is independent
of the medium.
Hence, the correct answer is (D).

fr:f(]
(i)
] R P2 T

= fﬂ_s[%)L SJ;L { JE}

Hence, the correct answer is (C).

{both first overtone}

Let A/ be the end correction.
Given that, fundamental tone for alength 0.1 m = first over-

tone for the length 0.35 m.
v B 3v
4(0.1+A¢0)  4(0.35+A7)

Solving this equation, we get A/ =0.025m=25m
Hence, the correct answer is (B).

The motorcyclist observes no beats. So, the apparent fre-
quency observed by him from the two source must be equal.

fi=h

- 176( 330-v ):165(330+U]
330-22 330

Solving this equation, we get

v=22ms™
Hence, the correct answer is (B).

_rP L
f’z#\/;
S %8 _3 Mg
20\ u 20\ u
= 5(3)=3/M

= M=25kg

Hence, the correct answer is (A).

Using the formula f’= f( I7% )

v
we get,5.5=5[ﬂ) (1)
(4
and6:5(ﬂ) (2
v

Here, v = speed of sound

v, = speed of train A
vy, = speed of train B
Solving equations (1) and (2), we get
%,
VA

Hence, the correct answer is (B).

14.

15.

16.

17.

18.

19.

After two seconds both the pulse will move 4 cm towards
each other. So, by their superposition, the resultant displace-
ment at every point will be zero. Therefore, total energy will
be purely in the form of kinetic. Half of the particles will be
moving upwards and half downwards.

Hence, the correct answer is (B).
Energy E o< (amplitude )2 ( frequency ]2

Amplitude (A) is same in both the cases, but frequency 2o
in the second case is two times the frequency (@) in the first
case.
= E=4E
Hence, the correct answer is (C).
Fundamental frequency v is given by

1 |T

v=—|— {with both the ends fixed]}
20\ u

So, fundamental frequency is
S
"

where i is mass per unit length of wire

{for same tension in both strings)

= u=pA= p(mz ), where p is density of wire

o Her

1
= Ve—
rf

-G

Hence, the correct answer is (D).

Since’fl_f(vas)_f( 3424—034):f(%)

340 340
d = = e
and f, f(340-17) f(szs)
h_38_19
£, 306 18

Hence, the correct answer is (D).

Speed of sound in gases is given by

oo [IRT
M

1
= Vee——
M
o m
- a_ ™
v, \my

Hence, the correct answer is (B).
Speed of sound in an ideal gas is given by
YRT

M
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20.

21.

22.

23.

24,

{T is mass for both the gases)

= o T
M

o Uﬂ_\/&Mﬂe _Jﬂ(i]_ﬁ

Une  \Yme My, V53128 5

) T 5
Because, 'YNZ = Hdiatomic = g and Y. = Tnonatomic = 5

Hence, the correct answer is (C).

Mass per unit length of the string

-2
m= - =25x107 kgm_1
04

. T
So, velocity of wave in the string v =, |—

m
1. -
= v= 76_2 =8ms™
25x10

For constructive interference between successive pulses

/
A :i: (2)(0.4)
v 8

Hence, the correct answer is (B).

=0.10s

This is an equation of a travelling wave in which particles
of the medium are in SHM and maximum particle velocity
in SHM is A, where A is the amplitude and @ the angular
velocity.

Hence, the correct answer is (A).

Source is moving towards the observer

, v
V-1,
= f’=450( 550 ]
330-33
= ['=500Hz

Hence, the correct answer is (D).

From Hooke’s Law

Tension in a string (T ) =< extension (x)

and speed of sound in string v = +/Tm

= veiT

Therefore, v < +/x

x is increased to 1.5 times i.e., speed will increase by v1.5
times or 1.22 times. Therefore, speed of sound in new posi-
tion will be 1.22 v.

Hence, the correct answer is (A).

Length of the organ pipe is same in both the cases.
Fundamental frequency of open pipe is f; = % and fre-

quency of third harmonic of closed pipe will be

v
A=3(5)
Given that f, = f; +100
= f,-f=100

= )

25,

26.

Hints and Explanations H.285

= %:lOOHz

= L _200Hz
2

—  f,=200 Hz

Therefore, fundamental frequency of the open pipe is 200 Hz.
Hence, the correct answer is (A).

The diagrammatic representation of the given problem is
shown in figure. The expression of fundamental frequency
is

1T
v=— |—

20\ u

T T
water
pw=1gom?
InairT=mg=(Vp)g

o= |4P8 (1)

AT

When the object is half immersed in water

T"=mg - upthrust=V,g - ( % ] Pus

, (Vv
= T =(E]X(ZP—PEu)
The new fundamental frequency

1 [T
2/

m 20
= U_Jz zp_pw
v 2p

12 12
= =0 b ) 300 2p-1 Hz
2p 2p

Hence, the correct answer is (A).

v

The given equation can be written as
y= 2(2coszé]sm(1000t)
= y=2(cost+1)sin(1000¢)

= y=2costsin1000f + 2sin (1000¢)
= y=sin(1001t)+sin (999t )+ 2sin (1000t )

ie., the given expression is a result of superposition of three
independent harmonic motions of angular frequencies 999,
1000 and 1001 rads™.

Hence, the correct answer is (B).

CHAPTER 4
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27. Since (1), 0= (3)ypen

L v
ar, 20,
/
o 4Hh 1
6
Hence, the correct answer is (C).
28. Since the point x = 0 is a node and reflection is taking place
from point x = 0. This means that reflection must be taking
place from the fixed end and hence the reflected ray must

suffer an additional phase change of wor a path change of %
50, if Yincigent = €08 (kx — wt)

= Yselected = AC0s(—kx -0t + )

= VYreflected = —AC0S (@t +kx)

Hence, the correct answer is (B).

29. Only first equation is the equation of standing wave. The
condition for a function of x and t to represent a wave is
2 2
a—z = (constant) a—g
dx ot
Only first equation satisfies the condition.

Hence, the correct answer is (A).

30. f=—=512Hz

v
fo=;=2f. =1024 He
Hence, the correct answer is (A).
31 (vp),,, =00 =Y

Since, (vp ) =4

ma.

)

gt

y“'k‘(z;:;/l)
= )l_:%
2

Hence, the correct answer is (B).

32, Initially the tube was open at both ends and then it is closed.

Further
v v
=—and f.=—
fﬂ 2 fo f(‘ 4€(
!
Since, tube is half dipped in water, /, = ED

v
ﬁﬂ-:ﬁ

(%)

Hence, the correct answer is (C).

v
=E=f0=f

Multiple Correct Choice Type Questions

1. Let F be tension in the rope of linear mass density (p), then

F
v= \/7 . Hence, speed at any position will be same for both
i

pulses. Therefore, time taken by both pulses will be same.

Since, A = % and v e \/F

= AepocyF
When pulse 1 reaches at A tension F decreases, so speed
decreases so, 4 decreases.

If we refer velocity by magnitude only, then option (A, C, D)
will be correct, else only (A, C) will be correct.

Hence, (A), (C) and (D) are correct.

2. Speed of car, v, =60 kmh™ = % ms™’

N
4
L 1
P 110m
1800m 1D ! 1800 m
$ommTmTIIEe A Y P
R J
<. 10m
N \‘:
1
M

At apoint S, between P and Q

, v+, cost dv U+ v cosf
Vi =Vuy — and vy, = vy —

ve cosﬂ]

= Av=(wvy —vM)(1+
[

Similarly, between Q and R, we have

AV=(VN_VM)(1_M)

v

d(Av) o . (dﬂ}
=x(vy - Vy )—sinf| —

dt (v M)vsm dt

At P and R, the car is very far from M and N, so 6 = 0°.
Hence, slope of graph is zero.

At Q, we have 8=90°, so sinf is maximum. Also value of
v

dae . ) (d ] v
— 1lsmaximumas| — | =——=— constant
df tl‘t Q T,

min
Hence, slope is maximum at Q.

AtP,vP:AV:(vN—vM)(1+U—C] {6=0°}

v

AtR, VR=AV=(VN—VM)( —B—C)

. [-0=0°)

AtQ, vo=Av=0y -1y {- 8=90°}
From these equations, we get
Vp+ Vg =2Vy
Hence, (A), (B) and (C) are correct.
3. Minimum resonance length is /, = %
= A=40

= o= fA=(244)(4())
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where #; =(0.350 £0.005) m

So, v lies between 336.7 ms™ to 346.5 ms™

Now, v = LT%, here M is molar mass of gas in gram
Mx10

= ©v=4100yRT x \/%

For monoatomic gas i.e., for neon and argon, y = 1.67

= v=640><\/E
M

For diatomic gas i.e., for oxygen and nitrogen, y =1.4

= v=590><\/ﬁ
M

Oy, = 640 x % =448 ms™, vy, = 640 % =340 ms™

Vo, = 590 % 2 3318 ms, vy, =590 3 _ 354 ms”
. 16 . 5

Only possible answer is Argon.

Hence, the correct answer is (D).

There should be a node at x =0 and antinode at x=3 m.

Also, v= %: 100 ms™"

Hencey=0atx=0andy=ftAatx=3m

Only (A), (C) and (D) satisfy the condition.
Hence, (A), (C) and (D) are correct.

f2 =(m]f1

V—-w-u

u, PR
So, > fi D |:|
V+w+u fs
fz_(V+w—u)f1
So, f,> fi

Hence, (A) and (B) are correct.

At open end phase of pressure wave changes by 180°. So,
compression returns as rarefaction. At closed end there is
no phase change. So, compression returns as compression
returns as compression and rarefaction as rarefaction.
Hence, (A), (B) and (D) are correct.

For fifth harmonic, number of loops formed is 5, so
No. of nodes =6

1:2711':2><3.14:0'1m

k 62.8

A
Length / = 57 =025m
The mid-point is antinode, so its maximum displacement is

0.0l m
=—=—=20Hz
f 20 k(2¢0)

Hence, (B) and (C) are correct.

v o

10.

11.

Hints and Explanations H.287

I

Further, larger the length of air column, weaker is the intensity.
Hence, (A) and (D) are correct.

Since / < &
4

——
B>

Standing waves can be produced only when two similar
type of waves (same frequency and speed, but amplitude
may be different) travel in opposite directions.

Hence, (A), (B) and (C) are correct.

In case of sound wave, y can represent pressure and dis-
placement, while in case of an electromagnetic wave it rep-
resents electric and magnetic fields.

NOTE: In general, y is any general physical quantity which
is a made to oscillate at one place and these oscillations are
propagated to other places also.

Hence, (A), (B), (C) and (D) are correct.

The shape of pulse at x =0 and f = 0 would be as shown, in
Figure.

y(0, 0):%:(}.16111

From the figure it is clear that ,,,, =0.16 m
Pulse will be symmetric (Symmetry is checked about vp,,,)
ifatt=0
y(x)=y(-x)
From the given equation
08
T 16x%+5
0.8
16x* +5

y(x)

and y(-x)= {att =0}
= ylx)=y(-x)

Therefore, pulse is symmetric.

Speed of pulse

Att=1sand x=-1.25m value of y is again 0.16 m, ie,,
pulse has travelled a distance of 1.25 m in 1s in negative
x-direction or we can say that the speed of pulseis 1.25 ms™"
and it is travelling in negative x-direction. Therefore, it will
travel a distance of 2.5 m in 2 s. The above statement can be
better understood from Figure.

CHAPTER 4
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0.16 m 0.16 m

x=-1256m
t=1s

~ 3
I
c o

Alternate Method:

If equation of a wave pulse is
y=flaxtbt)
The speed of wave is b in negative x-direction for
a

y=f(ax+bt) and positive x-direction for y = f(ax—bt).
Comparing this from given equation we can find that speed
of wave is 5 1.25ms™ and it is travelling in negative

x-direction.
Hence, (B), (C) and (D) are correct.

12. For a plane wave intensity (energy crossing per unit area
per unit time) is constant at all points.
But for a spherical wave, intensity at a distance r from a
point source of power P (energy transmitted per unit time)
is given by

P
dgrr?

1
I= ie, [ o=
T2

1 P
For a line source [ « —, because | = —
r mrl

Hence, (A), (C) and (D) are correct.

13. Maximum speed of any point on the string is v

= U =a(2zf)

max = 10

10
= Um‘xzﬂz—: {Given: =10 ms™')
=10 10
= 2maf =1
1
/= 2

Since, 1=10" m

1 10°

—————=—Hz
2rx10°  2m

f=

Speed of wave, v= 1
oy (100
= (10oms™)=| =57 |2
2n

= A1=2rx107%m
Hence, (A) and (C) are correct.
14. Since, the edges are clamped, displacement of the edges
u(x, y)=0 for
Line OAie,y=0,0<x<L
ABie,x=L,0<y<L
BCie,y=L0<x<L

15.

16.

OCie,x=0,0sy<L

The above conditions are satisfied
only in alternatives (B) and (C).
Note that u(x, y)=0, for all four
values e.g., in alternative (D),
u(x, y)=0 for y=0, y=L but 0 A
it is not zero for x=0 or x=L. (0,0) (L, 0)
Similarly, in OPTION (A) u(x, y)=0at x=L, y=L but it
is not zero for x =0 or y =0 while in OPTIONS (B) and (C),
u(x, y)=0forx=0,y=0,x=Land y=L.

——

(0. 0)

Hence, (B) and (C) are correct.

y= O.DZCDS(l[JTEx)CDS( 50t + g)

At node, amplitude =0
= cos(10mx)=0

= x=i=0.05 m, 0.15 m.......
20

At antinode, amplitude is maximum
= cos(107x) = +1

= x=0,m 2n..

= x=0,01m,02m...

Now A is twice the distance between two nodes or antinodes

= 1=2(01)=0.2mand % =507t

= ©=251=25x02=5ms"
Hence, (A), (B), (C) and (D) are correct.

The number of waves encountered by the moving plane per
unit time is given by
e distance travelled
wavelength

__(1),{1)
A A ¢ ¢

The stationary observer meets the frequency f” of the inci-
dent wave and receives the reflected wave of frequency f”
emitted by the moving platform as

i _f(“g)f(m}

|OPTION (A)]

"o = PTION
ey (OPTION (C))
C C
Wavelength, 1" = — = 3( ﬂ] {OPTION (B))
7 fic+v

Beat frequency, f, = [ - f
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17.

18.

19.

E

Hence, (A), (B) and (C) are correct.

L>T,

= 7,>7

= fi>f,and fi-f,=6Hz

Now, if T} isincreased, f; will increase or f; — f, will increase.
Therefore (D) OPTION is wrong.

If T, is decreased f; will decrease and it may be possible that
now f, — f; become 6 Hz. Therefore (C) OPTION is correct.
Similarly, when T, is increased, f, will increase and again
f — fi may become equal to 6 Hz. Therefore (C) OPTION is
correct.

Similarly, when T, is increased, f, will increase and again
f» = f; may become equal to 6 Hz. So, (B) is also correct but
(A) is wrong.

Hence, (B) and (C) are correct.

The graph shows the situation shown in figure. The observed
frequency will initially be more than the natural frequency.
When the source is at P, natural frequency i.e., 2000 Hz.

=]
=]

Of---————--1v

For region AP: f = fﬂ[#]
v -1, cosf

ForPB:f—fo(

v
v+1,cosf

Minimum value of f will be
v
fmin _fﬂ[ D+, )
300
300+ o,

Solving this we get,

when cosf=1

= 1800= 2(}00[

0, =33.33 ms™' and maximum value of f can be

fmaxzf{)( - )
V=7

300
= =2000] ———
Jmax ( 300 - 33.33

Hence, (C) and (D) are correct.

when cosf=1

]= 2250 Hz

For closed pipe, f = n( % )n =1,3,5...

20
Forn=1, f, =2 =22 _ gy
4 4x1

Forn=3, f;=3f, =240 Hz

21.

Hints and Explanations H.289

For n=>5, fs=5f, =400 Hz
Hence, (A), (B) and (D) are correct.

For closed organ pipe,

f:n(i)where, n=1,35, ...

=2
Af
Forn=1,/¢,= MX]OO cm=31.25cm
4264

Forn=3,73=3(,=93.75cm
Forn=5, {5=>5(;=156.25 cm

<
Hence, (A) and (C) are correct. o
y=10""sin(60t + 2x) [T
| -
A=10" m, @ =60 radsfl, k=2m™ &
Speed of wave v = 2 30 ms™ XL
k v

Frequency, f = o _ 30 Hz

2t &
2r
Wavelength, 1= - om

Further, 60t and 2x are of same sign. Therefore, the wave
should travel in negative x-direction.
Hence, (A), (B), (C) and (D) are correct.

Linked Comprehension Type Questions

1.

Velocity of sound w.r.t. passengers in train A is
Vs = 340 +20 = 360 ms ™
Velocity of sound w.r.t. passengers in train B is
Vs =340-30=310 ms™'
SOUND . SOUND
340ms 340 ms™

— —
20 ms” 30 mg™!

Hence, the correct answer is (B).

For the passengers in train A, there is no relative motion
between source and observer, as both are moving with
velocity 20 ms . Therefore, there is no change in observed
frequencies and correspondingly there is no change in their
intensities.

Hence, the correct answer is (A).

For the passengers in train B, observer is receding with
velocity 30 ms™' and source is approaching with velocity
20ms™".

= f1’=8{]0(340_30]=7’75 Hz
340-20
40 - 30
and f2’:1120(3 & ):1085 Hz
340-20
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Spread of frequency Af'= f; - f{=310Hz
Hence, the correct answer is (A).

4, In one second number of maximas is called the beat
frequency. Hence,

fi=h-f
- fb‘m 92717
2r 21:

= f,=4Hz

Hence, the correct answer is (A).
5. Speed of wave v = %

100w 92#
057 0Odeér

= 0=200ms"}
Hence, the correct answer is (A).
6. Atx=0,y=y, +y,
x=2Acos(967t )cos(4nt)
Frequency of cos(967t) function is 48 Hz and that of
cos(4nt) function is 2 Hz.
In one second cos function becomes zero at 2 f times, where f
is the frequency. Therefore, first function will become zero at
96 times and the second at 4 times. But second will not over-

lap with first. Hence, net y will become zero 100 times in 1.
Hence, the correct answer is (C).

Matrix Match Type Questions
1. A-=(pr1sq;B=(qprt)Co(gsLpiD=(p qts)

O =5y
@ fi=5- 5
® fi=5 5
@) f3—a o

For all highest fundamental is when length is

2. A—)(p,q,rt );B—=(p,qtu);C=(prtu;D-(tqru)

R
_3x2 T,
® h-Z2

= T £}
2
5><2
©G) fo= o
Ly 3.“
n:ﬁ
16

14x4 [T,
271,

4 fn:

Ty
4=

16

A= ({pt)B=>(ps);C—=(qs);D=(qr1)
In organ pipes, longitudinal waves exist. In strings, trans-
verse waves exist. Open end is an antinode, fixed end is a

. . LA
node. The least distance between node and antinode is n

A
and between two nodes is rs

Integer/Numerical Answer Type Questions

Vg = 330 ms™

30ms’
Sle-mmmmmo- a2
10ms“T g
f1=120|: 330+10sin53 :|
330 -30cos37°
330+10
=120 H
f [ 330 ] “
M:l;ﬁﬂx[@—%]zamm
306 33

Frequency observed at car
If v is speed of sound and v is speed of car, then

fie fﬂ(UJrUC]

Frequency of reflected sound as observed at the source

[ v+
fZ:fl[U—vc]zf“{v—vi]

Beat frequency Af = f, - f,
= A= fn(v+vz 1]=f0( ZUC]

T

= A= 492><232L2-6Hz

Let individual amplitudes are A; each. Amplitudes can be
added by vector method.

Ay A

60
A BORRBC 4

A=A, =Ay=A, = A,

Resultant of A, and A, is zero. Resultant of A, and A, is

A= A2+ AZ+2A4,A,cos60° = 34,

This is also the net resultant.
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(]

05
102/(20x1072)

= 1=%\/0.5x20x10=%x10

= n=4

Now, [ < A* 100 n

= =
)
= Net intensity will become 31 2x20x10

A=J42+32+2x4x3xc05[§]=5

#=20cm, m=1g,T=05N, f=100 Hz
According to Melde’s Formula, we have
T Separation between successive nodes on a string is

n
f=—. A 20
. 2

So,!!=n—'1
2

5cm
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